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BEHAVIOR OF LARGE RIVETED 
AND BOLTED STRUCTURAL CONI\JECTIONS 
It> INTRODUCTION 
le Object and Scope of Investigation 
Although mathematicians and engineers have analyzed, tested, and 
studied structural joints since the middle of the nineteenth century(l)* only 
part of the answers sought have been found. Much of the early research was on 
simple, flat-plate joints such as those used in storage tanks and boilers. Yet, 
in the design and construction of long-span bridges and tall buildings, struc-
tural members have been fabricated from a variety of steel shapes which must be 
connected properly to each other in order to carry safely their loads. A review 
of the literature(l) prior to 1950 has revealed only one series of tests(2) 
which included built-up or truss-type members.. During the last fifty years 
there have been a few experimental programs involving angles only and since 
about 1950 there have been some tests conducted on truss-type members, but no 
comprehensive evaluation has been made considering all of the investigations. 
The first purpose of this study was to examine closely the behavior of 
certain full size, angle and truss-type members subjected to a range of static 
tensile loads up to the ultimate or maximum strengthso This initial goal has 
been attained in two stages: the first was the subject of an earlier paper(3); 
and the second stage is reported hereino The second aim of this investigation 
was to review the results of any similar or related research and to correlate 
and analyze the results of these studies.. The third and final objective was to 
* Numbers in parentheses refer to a work from the list of References. 
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arrive at a method of design for structural connections loaded in tension, which 
method would be more accurate than those now in use. 
In presenting the results of the experimental portion of this program 
the following points will be examined: 
a. Distribution of load to gusset plates of double~plane or 
built-up members .. 
bo Comparative behavior of various specimen types. 
Co Effect of method of hole preparation. 
In studying the results of all pertinent test progrruns available, the following 
will be considered: 
a. Comparative behavior of various membe'rs It 
b. Comparison of predicted and test efficiencies. 
2. Discussion of Specifications for Tension Member Design 
In the United States the three most commonly used specifications 
present the same rule for the computation of the effective net section of a ten-
sion member. The specifications of the American Railway Engineering Association 
(AREA) (4) , the American Association of State Highway Officials (AASHO)(5), and 
the American Institute of Steel Construction (AISC)(6), although in slightly 
different words, require the following (subsequently referred to as the AREA 
Rule) : 
Net section(4) 
"The net section of a riveted tension member is the sum 
of the net sections of its component parts.. The net section 
of a part is the product of the thickness of the part multi-
plied by its least net width. 
The net width for any chain of holes extending progres-
sively across the part shall be obtained by deducting from 
the gross width the sum of the diameters of all the holes in 
the chain and adding, for each gage space in the chain, the 
quantity, 
2 
s 
4g 
s = pitch of any two successive holes in the chain 
g = gage of the same holes 
The net section of the part is obtained from that chain 
which gives the least net width. 
For angles, the gross width shall be the sum of the 
widths of the legs less the thickness. The gage for holes 
in opposite legs shall be the sum of the gages from back of 
angle less the thickness,," 
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The several specifications present somewhat different requirements for 
tension angles which are connected through one leg or which may be subject to 
bending. However, all three specifications require the following, whether the 
method of hole preparation is drilling, sub-punching and reaming, or punching: 
"The diameter of the hole shall be taken as 1/8 in .. 
greater than the nominal diameter of the rivet,," 
The history of the acceptance of this specification by AREA has been 
conveniently summarized in an article by Co Ho Chapin(7), who also mentions some 
of the other rules for net section determination used in the 1920's. Among 
those whose work has led to or who presented design rules, we might mention: (1) 
v. Ho Cochrane, 1908, 1922; To A~ Smith, 1915; Do Bo Steinman, 1917; and C. Re 
Young, 1921, 1922, 1926. 1~e rather complicated formula proposed by Cochrane 
for determining net section was subsequently extended by Smith to a form still 
too complex for normal office use. Cochrane, in 1922, approximated his earlier 
2 
work and that of Smith by the s j4g rule essentially as it is known today. 
It has recently been shown by W. G. Brady and D. Co Drucker(8) that 
the s2j4g rule corresponds to a reasonable upper bound at yielding for a riveted 
joint, based on their limit analysis and tests of flat-plate specimens with open 
or plugged holeso 
4 
TvTo other suggested design rules which might be mentioned are those of 
w. M. Wilson (presented in a discussion of a paper by Davis, Woodruff, and 
Davis(9)) and F. W. Schutz, Jr.(IO). The first of these has not been used in 
the analysis and revi~w of these tests and, since it is readily available in the 
literature(9), will n6t be detailed here. The second method, known as the 
Relative Gage Method(IO), has been used to examine the results of these tests 
and may be expressed as follows: 
Effective Net Section(IO) 
!lIn the case of a chain of holes extending across a 
part in a zigzag, diagonal or straight line, the effective 
net section of the part shall be the summation of the 
effective net sections of all the gage strips along the 
chain of holes. No chain of holes shall be considered which 
has a gage strip with a pitch of 2/3 or more of the gage of 
that strip. 
The critical net section of the part is obtained from 
that chain which gives the least effective net section .. 
A gage strip is the portion of the part bounded by the 
longitudinal centerlines of two successive holes in the 
chain of holes being investigated. A transverse edge dis-
tance is considered as one-half of a gage strip which has a 
gage twice the edge distance. The effective net section of 
a gage strip is the product of the effective net width and 
thickness of the strip. 
The effective net width (Eo N. We) of a gage strip shall 
be determined by the following equation: 
where: 
E. N. W. = 1.05 (G - 0 .. 9D) KH 
but not more than 0 .. 87 GKH 
D = actual hole diameter 
G = transverse spacing (gage) of any two 
successive holes 
K = 0.82 + 0,,0032R but not more than 1.00 
R reduction in area of standard control 
coupons, in per cent 
H = 1.00 for drilled holes; 0.862 for 
punched holese tl 
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With respect to the Relative Gage Method these points should be 
emphasized: (a) It is necessary to deal with each gage strip separately, thus 
introducing a weighted effective area. This computation is time-consuming. 
(b) Actual hole diameter is used in contrast to nominal connector diameter plus 
1/8 in. as is now customary. (c) A marked distinction is made between punched 
and drilled holes& (d) No effect is reflected in the formula for varying the 
stagger between the conditions of no stagger and s/g (stagger divided by trans-
verse gage) of 2/3& If s/g is less than 2/3, the hole is deducted from the 
effective net width; if s/g is 2/3 or greater, that hole is not included in the 
chain (or prob.able failure path) and thus is not deducted from the net width. 
This amounts to providing an excess of approximately 20 per cent along the 
diagonal as compared with the 10 per cent to 40 per cent suggested or specified 
in some early specificationso (e) This method sets an upper bound on effective 
net width, indicating that, using a gage of more than about 5.25 times the actual 
hole diameter does not improve the joint. (f) Some estimate of the ductility of 
the material in the joint must be made. However, this latter effect is quite 
small in the normal range of ductility of ASTM A-7 steels& 
30 Discussion of Previous Tests 
Ae Flat-Plate Tests. Possibly the most extensive study conducted to 
date of flat-plate joints was that which resulted in the Relative Gage Method(lO) 
for predicting joint efficiencies. Not only were 130 small joints tested by 
Schutz, but an additional 900 specimens tested by some twenty-two investigators 
were included in his analysis. Materials for these 1000 members included wrought 
iron, steel and alumiulw; further, various types of bolts or rivets were used 
and fabrication of the holes was varied. It might be noted that only those tests 
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which were performed in the United States since 1882 and for which full informa-
tion was available were included in the study. 
Schutz concluded: Fastener tension does not affect materially the 
joint efficiency (ultimate strength); stagger of fasteners in the first row does 
improve efficiency; larger gages (up to 8 diameters) give higher efficiencies; 
longitudinal spacing has no great effect on efficiency so long as failure occurs 
through the plate; the effect of hole preparation is important; and the ductility 
of the plate stock can be important. 
Of course, Schutz included the results of tests by Davis, Woodruff 
and Davis(9) and those reported by Wilson, Munse, and Cayci(ll). Since Schutz· 
study there have been a few large-scale flat joints which have been tested in 
this country, including some at Northwestern University(12,13), Lehigh(14,15), 
and others at the University of washington(16). These latter tests were per-
formed primarily on bolted members but the results generally were in support of 
those presented by Schutz. 
B. Angle Members. One of the earliest test programs involving angles 
is that performed by Greiner(2). He conducted four pairs of tests on angles con-
nected by one or both legs to a gusset plate. He used 3 1/2 x 3 1/2 x 3/8 angles 
and 4 x 6 x 3/8 angles for his study, and found that the effectiveness of angles 
with lug angles was 110 per cent and 119 per cent, respectively, of the effec-
tiveness of the same angles without lugs. In these tests the center of loading 
was moved when the lugs were added. His results indicated that the "double 
connection" or lug angle was de~initely superior to a single connection. 
Later and much more extensive programs by MCKibben(17,18) also indi-
cated some gain in effectiveness tr~ough the use of lug anglesa However, he 
pointed out that use of the lug angles often meant a smaller net section, thereby 
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reducing the net effect. Location of the center of loading through the center 
of gravity of the angle member rather than through the line of rivets was 
beneficial, sometimes more so than the use of lug angles. Stiff lug angles near 
the beginning of the connection were found to be preferable. No large advan-
tages by the use of lug angles, in contrast to that found by Greiner, were 
reported by McKibben, whose increases in effectiveness were limited to about 
3 per cent with lugs. Simply moving the center of loading from the line of 
rivets to the center of gravity of the angle produced twice as much increase in 
effectiveness. Of course, were these two effects combined, the benefits would 
then more nearly agree with those reported by Greiner. Sixty tests were reported 
by McKibben, using 19 specimen, types tested in triplicate, plus three tests of a 
single specimen with varying rivet spacings. His tests included four different 
angle sizes. 
Batho(19) investigated the use of lug angles in the elastic range but 
not at ultimate loads. He concluded that lug angles do little to improve the 
stress distribution. His lug angles} however, were not straddling the first row 
as advocated later by DOrnen(20), but were located at the second row of fasteners. 
Dornents tests in 1924(20) indicated that if lug angles were to be 
used, the lug angles should be long, should be connected to the angle well be-
yond the first-row rivets (thus employing extra stitch rivets and improving the 
net section) and should have a short connection to the gusset plate. Ultimate 
load data and effectiveness of the connections tested could not be compared, 
however. 
Limited tests (six specimens, no duplicates) involving riveted angle 
connections were reported by Davis and Boomsliter(21) in 1934. They maintained 
a given net section and varied the manner of connection although no lug angles 
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were used" Several of the methods of connection which were tested were improve-
ments over the use of a single angle connected by one leg, but the small number 
of tests, all with the same angle size, suggests caution in presenting conclu-
sions based on these tests alone. 
The two most recent series of tests on angles found in the literature 
were performed in Europe. Belgian researchers(22) studied the end connections 
of standard rolled sections with gusset plates as used in small and medium sized 
structures. Among the sections tested were four sizes of angle, ranging from 
40 x 40 x 4 mIn.. to 120 x 120 x 12 Inm.. Holes were punched or drilled. IIi all, 
56 single or double-angle members were loaded to failure. Generally, three 
identical members were tested. However, only the original report of these tests 
provides data for each individual specimen.. Some of the results of that study 
are presented in Section 14 of this report. 
Tests(23) were made in Great Britain on 18 single-angle specimens of 
six different sizes, both equal leg and unequal leg types. Two sizes of fastener 
were used, 25/32 ine and 29/32 in. high tensile bolts; and unequal leg angles 
were tested with the connections made to either leg. 
C.. Truss-Type Members. As might be expected, the number of tests of 
truss-type members found in the literature is small. In fact, at the time this 
program was planned in the early 1950's, only a few tests of that type were 
known to exist and most of these had been performed at the University of Illinois. 
The Group 1 tests reported in Refe 3 presented data on 16 specimens. The Group 2 
study reported herein provid$an additional eight truss-type tests plus twenty-
two angle memberso However, during a recent literature search, Ref. 2 was 
unexpectedly located~ 
It was discovered that Greiner(2) had tested 26 truss-type members (13 
pairs) of a variety of cross sections; laced members; double-laced members; 
9 
built-up I-sections; members having batten plates rather than lacing bars; and 
also double-channel members, connected by lacing, and by batten or tie plates. 
Although small rivets (1/2 in. diameter) and punched holes were used throughout, 
the steel employed in the members had about 90 per cent of the strength cur-
rently specified for A-7 steel and had excellent ductility. Thus, the results 
are of considerable interest today, despite the 62 years which have elapsed 
since they were first reported. 
Certain conclusions of Greiner's are worth presenting here, for, as is 
so often the case, many of them have been restated or flrediscoveredu in the more 
recent studies .. 
"The results of these tests indicate that built-up 
I-sections having double-lattice bars for webs, .... and those 
having [batten] plates •.• are not so effective as members 
with single lattice or solid webs .. " (p" 47) 
tlSimilar members with solid webs instead of lattice or 
battens are fully as strong as eye-bars per unit of section 
and the full net area of web plates can be truten with the 
flange angles as available section, provided the area of web 
plates does not exceed one-half the area of the four angles 
and the width of the plate in the clear of the flange angles 
does not exceed the width covered by the legs of the flange 
angles .. II (p .. 58) 
Other conclusions suggested that: double-latticed webs are probably 
inferior; lacing alternately perpendicular and inclined to the axis of the mem-
ber is advantageous; box-shaped members may be no better than built-up I-
sections; lug angles are of questionable value unless carefully detailed. 
Mr" J .. P .. Snow, in a discussion, also brought out a since often "discoveredU' 
point: 
flWhere a member is connected by a long line of rivets 
the load transmitted to them must be very unequal,,, ... These 
considerations show the necessity of using as many lines of 
rivets in the connection as are admissible ..... fY 
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Greiner agreed with this, pointing out in one test series that the end 
rivets became loose and sheared, 
tr ••• while the balance remained tight ••. [indicating] clearly 
that in all riveted connections, the rivets should be grouped 
closely rather than in long lines, as by so doing there is 
more chance for all of them doing some work." (p" 77) 
Tests on three specimens composed of 18 I 54.7 sections with 1!2-in" 
gusset plates and 7!8-in. diameter fasteners were reported in Ref. 24. High 
strength bolts with beveled washers, and with flat washers, were employed in two 
of the tests while the third member was riveted. Although these three members 
are rolled sections rather than fabricated, the size of the members and the man-
ner of connecting the gussets to the flanges makes them comparable to the C and 
eM specimens of this ffilldy. Some of the results of these tests will be discussed 
further later. However, it might be mentioned here that the webs of these mem-
bers, which made up 48 per cent of the gross area, were not fully effective 
because of the shear lag that exists between the web and the flanges. 
Another test program (Ref" 25) on large joints compared a joint with 
rivets and bolts to an all-bolted joint. Both joints conne'cted 12 WF 40 beams 
to gusset plates. Unfortunately, no efficiencies can be computed for the WF 
section, since coupon data on the beam are not available. And, even though bolt 
failures (by shear) were forced, it is not known whether the shear plane passed 
through the threads or the shanks and what ratio of bolt tensile strength to 
shear strength was developed. However, a variety of strain and slip measure-
ments are reported which make the study of interest, particularly to those who 
are concerned with details of behavior at working loads. 
( ?hl Another series of tests~~-I on I-beams, concerned primarily with the 
fatigue behavior, gave results which will be considered in later analyses. 
However, it should be noted that these members, composed of 6 I 12.5, were 
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tested with fairly short joints, 5/8-ino gusset plates and 5/8-ino diameter high 
strength bolts. Unfortunately, these specimens had such narrow flanges that 
very small edge distances were produced at the net sectiono Some tests of T-
sections cut from 18 I 5407 and reported in the same reference are not consid-
ered at all in later analyses because the distances between adjacent gusset 
plates were so small that the gross areas of the members never approached repre-
sentative stress distributions prior to fractures at the net sections. 
The tests reported in Refe 3 for eight specimen types (laced, box-
sections, and I-sections) with duplicates of each type, provided the foundation 
on which the present test program was based. Since the variables of the first 
group of tests were similar to those discussed herein, only the results and 
conclusions will be referred to later. 
Some European tests(22) have been performed on rolled sections used in 
medium construction and having riveted jointso Twenty-seven members of single 
or double channels (connected by the webs to gusset plates), and with punched or 
drilled holes, were tested in triplicateo Another twelve specimens, with 
drilled holes, were composed of I-sections with gusset plates riveted to the 
flangesc Results from these thirty-nine specimens have been included in an 
analysis of net section efficiencyo 
Tests(27) on two members of configurations similar to the C and CM 
specimens of this study were made recently, using special high strength bolts. 
Because of the similaritYJ some of the results from these specimens have been 
included} with permissionJ in this reporto 
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110 DESCRIPTION OF SPECIMENS AND TEST PROCEDURES 
40 Specimen Configurations and Properties of Materials 
Truss-type members composed of angles joined with lacing, battens, or 
plates were tested in the first Phase(3) or Group 1 of this study. The second 
phase was to examine the strength of these angles when connected back-to-back 
and to a common gusset. In addition, specimens were prepared with high strength 
bolts as "field connectors fi to determine how these bolts affect the ultimate 
strength and behavior of large tension members. Some of these specimens were 
duplicates of the four-angle members; others were similar to, or modifications 
of, the truss-type members tested earliero A tabulation of the properties of 
the Group 2 specimens may be found in Table 10 
To facilitate the identification of the thirty test specimens the fol-
lowing method was used: All starred-angle members (those having four angles 
back-to-back) were designated by an US", followed'by a letter which identified 
the truss-type members of the first Phase(3) from which that particular angle 
size and rivet spacing had been taken. This was followed by a number, 1 or 2, 
which designated the first or second specimen of a particular type, since dupli-
cate specimens were designedo Either a nDYi or a nptl appears after the number in 
the specimen designations and tells whether the member was ~illed or Runched, 
and then a nBt! or an URn, describes the fasteners as high strength Eolts or as 
rivets 0 With such a marking system the type of member can be identified readily 
from the specimen number alone. For example, SA-I-DB refers to a starred-angle 
member with angles from the previous A-type joint, Noo 1 specimen, drilled and 
bolted. 
Specimen Type SA~ There were eight specimens of this type. The 3 1/2 
x 3 1/2 x 7/16 angles had the same fastener pattern that was used on the box-type 
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A specimens of the earlier study and also used for the angles of the A and AM 
specimens described below a The details of the SA group are shown in Figo 1. 
The members were assembled with 3/4-ino bolts or 3/4-ino rivets attaching the 
angles to the gussets j and holes were punched or drilled 13/16 inc in diameter. 
The outstanding legs were stitch=riveted for all members. The riveted members 
were tested in duplicateo The bolted members, however, were varied somewhat to 
provide as much information on behavior as possibleo 
Gusset failures were found to be common where 1/2-ino gussets were 
used; therefore, SA~l-DB was assembled with a 3/4-ino gusset to assure failure 
in the angles 0 This specimen was assembled in compression, ioeo, the weight of 
the gusset plate bore on the bolts, before they were tightened, in such a way as 
to permit maximum slip during the test loadinge Specimens SA-2-DB and SA-2-PB 
were also assembled in compression, and SA-l-PE was assembled in tension (i.e., 
the weight of the member lay on the bolts, before torquing, in such a way as to 
permit minimum slip during loading) 0 
Specimen Type SB~ The 5 x 3 x 3/8 angles of the previous Group 1, B 
and C specimens y and for the C and eM specimens described below, were duplicated 
in thes~memberso Rivets of 7/8-ino diameter were used in all cases and two 
punched and two drilled specimens were testedo The hole diameters were 15/16 in. 
As shown in Figo 1, the 5-ino legs were attached to the gussets while the out-
standing 3=ino legs were stitch~rivetedo 
Specimen Type SD~ These four members were composed of 5 x 3 x 3/8 
angle stock with 7/8=iuo rivets in l5/l6=ino holes 0 Two drilled and two punched 
specimens were made up, USing the same rivet pattern employed in the Group 1, D 
testso The unconventional rivet pattern shown in Figo 2 was purposely chosen to 
provide a joint with low efficiency, thus allowing a comparison of design rules 
over a wider range of values than common structural practice currently permits. 
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Specimen Type SE~ .As was the case for the Group 1 Type E members, 
5 x 5 x 3/8 angle and 3/4-inG fasteners in 13!16=ino holes were employed for 
these testso Four of the six specimens were riveted~ of which two were punched 
and two were drilledo The other two members were drilled, bolted, and assembled 
in tension (for minimum slip); SE-I-DB with a 3!4~in~ gusset plate, and SE-2-DB 
with a 1!2-ino gusset 0 These members are detailed in Fig. 20 
Specimen Types A and AM~ The original proposal was to test two mem-
bers, designated Type A and assembled with high strength bolts, which would be 
identical to the riveted A specimens of the Group I testso Then, two other 
members (AM) were to have a single modified joint pattern, but all were to have 
the same net sectiono However, the test results were such that it was decided 
to alter substantially the original plan but to retain identical net sections. 
The first specimen to be prepared, AM-I-DB, was tested as originally detailed 
(see Figo 3b)o Because of shear failures of the fasteners, AM-2-DB was tested 
with the same joint pattern but with 3/4-ino gusset plateso Then A-l-DB (Fig. 
3a) was tested, just as designedJ to permit a correlation with the all-riveted 
A specimens of Group 10 Finally, in an attempt to obtain a net section failure, 
the A-2-DB specimen, originally' like the A-I=DB specimen, was modified as shown 
in Figo 3co In this modified specimen, the first angle-to=web stitch rivets 
were removed and additional holes were drilled on those gage lines and also 
through the angles and web halfway between the former stitch rivet and the 
original first=row holeso New 3!4-ino gussets were prepared, and additional tie 
plates were made up and installed with high strength bolts so that the net sec-
tion would remain unchangedo All of the A and AM specimens were assembled with 
the joints in tension as described earliero Rivets were used to connect the 
batten plates and web plates to the angles J while bolts were used to attach the 
gusset platese 
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Specimen Types C and CM~ Originally, it was planned to test two C 
specimens with bolted !?f'ield connections iU to match the Group 1 all-riveted C 
specimens which had 10 fasteners in a lineo There were to be also two modified 
C, or CM, members with fewer bolts and thus higher nominal shear 0 Joint CM-2-DB, 
with 7 fasteners, was tested first and when no shear failure developed, the next 
member, eM-l-DB, was prepared with 6 fasteners only, leaving the last-row holes 
unfilledo When this member also failed at the net section, the two C specimens 
were reduced in length, leaving only 5 bolts in a line, and new gusset plates 
preparedo These members are detailed in Figo 4& The members were assembled in 
tension; all connections between the webs and angles were made with rivetso 
Properties of Materialsg Coupons were taken from all plate and angle 
stock where possibleo Based on the material available, either 1/2 ino wide by 
2-ino gage, or 1 1/2 ino wide by 8-ino gage coupons, were prepared 0 Coupons 
from the angles were taken from the center of each leg while several coupons 
generally were taken at intervals across the width of plate stocko Coupon tests 
were performed in a l20,OOO=lb hydraulic machine in accordance with the require-
ments of ASTM=E8o 
The average: mech::rr:dcal properties of the plate .and angle materials 
used for these specimens are listed in Tables 2 and 30 These averages are the 
results of more than 100 coupon testso 
It can be seen from these tables that all of the angle stock exceeded 
the minimum requirements of A~TM A-7 specification in every respecto However, 
all of the plate material did not provide, on the basis of laboratory coupon 
tests j the required minimum ultimate strength of 60»000 psi or minimum yield of 
33,000 psio The following were the minimum individual values recorded for all 
of the coupons~ upper yield, 3203 ksi; lower yield~ 3107 ksi; ultimate strength, 
55,,4 ksio 
Charpy tests were run on material from those plates which exhibited 
brittle-like or splitting fractureso The results of these tests are shown in 
Table 40 Such tests did not indicate unUSU8~ energy levels for these plates com-
pared to results of similar tests on other mild structural steelso 
Full size bolts were tested in tension in the manner prescribed by 
ASTM A-325 Specification$ and results of these tests are shown in Table 50 The 
mill report on these bolts is shown in Table 60 The bolts exceeded the specifi-
cation minimums by as much as 34 per cent based on laboratory tests as is shown 
in the last column of Table 50 The discrepancy between mill report and labora-
tory tests on the 7/8~ino bolts has not been resolvedo 
Several shear tests on the 7/8-iuo bolts showed that these bolts could 
support an average of 4805 kips shear through the threads, or about 6905 per cent 
of the average te~si1e loado Shear tests (in triplicate) for the 3/4-ino bolts 
gave the following average shear load (through the threads) in kips and per cents 
of tensile loads~ 
Length 
2 1/4 
2 1/2 
2 3/4 
Average for 3/4=iuo bolts 
50 Fabrication Methods 
Average 
Shear Load 
2905 
2908 
2800 
2901 
Per cent 
Tensile Load 
6304 
6606 
5807 
6209 
The material used for the specimens weighed over 10 tons and was ob-
tained originally from the standard stock of various supplierso All lengths of 
angle and plate were ordered to be ASTM A-7 steelo Gusset plates were cut from 
sheared plate stock~ while the batten plates for the A and AM specimens and the 
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web plates for the A, AM, C, and eM members were cut from universal mill plates. 
In most cases the angles for a given member came from; a single length of stock. 
All material was laid out, carefully marked with stamped code symbols, 
and cut in the University shopso In general, the plate material was flame-cut 
to final dimensions. The angles were generally saw-cut to length. Where 
sheared edges met the specified dimensions, these were left unchanged. 
A marking system was used to identify the piece by specimen type, 
method of hole preparation, specimen number, and final location in the specimen, 
thus permitting that piece to be followed from the original length of stock 
through fabrication to the assembled specimen. In this way, a careful correla-
tion could be made with the control coupons taken from the materials. 
One of the principal variables of these tests was the method of hole 
preparation. But to reduce as much as possible the variation due to fabrication, 
extra care had to be taken. Accordingly, the drilled specimens were completely 
prepared for riveting in the University shOPe Holes were laid out on one angle 
of a back-to-back pair and then the two angles were clamped and drilled simulta-
neously. After the angles were drilled, any plates, such as battens, webs or 
gussets were placed in their proper positions and the angles were carefully 
aligned on themo A prick-punch whose outer diameter was that of the full size 
drilled holes in the angles was then used to mark the center for the drilled 
holes which were; to be made in the plateso After drilling, these component 
parts were assembled with severR.l full size pins before fitting-up bolts were 
installedo 
Punched specimens were fabricated as follows~ Plates were laid out in 
the UniverSity shop and center punched 0 These were then punched full size at 
the shops of a nearby steel fabricator, using the conventional punch with center 
point 0 The angles for the punched specimens, having been cut in the University 
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shops» were set up and carefully punched on a standard spacing table at the 
fabricatorns shop 0 Since these angles had been laid out earlier by the Universit,y 
shop, the stops or settings of the spacing table were checked by a ~u dry-run" be-
fore actual punching begano This resulted in uniform spacing and constant gage 
distances 0 
All of the riveting was done in the shops of the fabricator who 
punched the members J and his usual procedures were employed 0 In driving the 
more than 1200 rivets, very few holes required reaming and these did not appear 
to affect the ultimate strength of the specimens involved 0 All rivets were from 
the standard stock of the fabricator J and of ASTM Al4l designationo The length 
required for the rivets was determined in usual shop fashion by the rivet gang 
foreman 0 
The dies for the 7/8-ino rivets for specimen Type SD had to be trimmed 
slightly to permit driving at the close spacing specifiedo All rivets were left 
in the gas-fired furnace until a uniform color had been reached; riveting was 
performed by means of a pneumatic riveting yoke in most caseso However, all the 
rivets in the box sections (A and AM types) were driven by hand as were the 
stitch rivets in the all-riveted, starred=angle memberso Hand=driven rivets 
were driven from 5 to 10 sec 0 each.'] with most dri vi,ng times in the 6 to 8 sec 0 
range 0 All rivets were visually inspected and hammer tested after driving 0 
. Over 950 AS'IM A-325 high strength bolts of several lengths, in 3/4-
and 7/8-ino diameters» were used in the ~Q:field~u (laboratory) assembly of the 
partially bolted memberso These bolts were installed by means of torqueo 
Several bolts of each length and diameter were tested in a Skidmore-Wilhelm 
calibrator 0 The torque to provide the minimum load reqUirements of the 
specifications(28) of the Research Council on Riveted and Bolted Structural 
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Joints was averaged from these several specimen bolts and this torque was then 
used for the installation of that length and diameter bolt. One-third to one-
half of the bolts in a joint were used for fit-up bolts and the other bolts were 
torqued in sequence, working out from the center of the joint. The fit-up bolts 
were loosened and then retightened at proper torque. Finally, the entire joint 
was checked for full torque on every bolto 
Although the minimum bolt loads were used in these tests, previous 
tests have indicated that fastener tension has little effect on the ultimate 
strength of a jOint, whether the failure is by shear of the fasteners(29,30) or 
by tensilee rupture of the net section(lO,29). However, the slip behavior of a 
joint is substantially affected by the clamping force in the fasteners and this 
is brought out in Ref. 29, among others .. 
6. Test Procedures 
A. Testing Machines. Specimens were tested in a 600,OOO-lb Riehle 
screw-powered machine and in a 3,OOO,OOO-lb capacity Southwark-Emery Tatnall 
hydraulic testing machine, both located in Talbot Laboratory at the University 
of Illinois .. 
All starred-angle specimens, except those of Type SE, were loaded in 
the smaller machine and were welded to pull-plates prior to plaCing in the 
machine. This made possible the preparation of a second specimen while the 
first was being tested, since two sets of pull-plates were available. The speci-
men and pull-plates were first aligned in a horizontal position and then clamped 
to a frame for welding. The same sequence of welding was used throughout the 
tests and the double-lap pull-plates were welded to the gusset plates with at 
least 1/2-ino fillet welds on either side.. The specimen and attached pull-plates 
were then installed in the testing machine and the pull-head bolts were inserted 
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but not tightenedo After an initial load of 5 to 10 kips had been applied.to 
produce the best alignment possible, the pull-head bolts were tightened, and the 
pre-load was releasedo 
Specimens tested in the large machine were welded to pull-plates which 
were left bolted to the pul~-heads. This method was described in detail in 
Ref. 3 (Structural Research Report 115)a Again, a single welding sequence was 
selected for all similar specimens, in an attempt to minimize and maintain 
constant the secondary effects of weldingo 
After a~test, the pull-plates were flame-cut, just beyond the welds, 
thereby removing about I 1/2 ino from the pull-plates for each specimen tested. 
B6 Instrumentation 0 All specimens had instrumentation consisting of 
mechanical dials, electric strain gages, and a qualitative visual indicator of 
the extent of yielding. 
The mechanical dials had OoOOl-in. divisions and a range of 1/2 in. or 
1 ino, and were used in four ways: (1) to indicate over-all deformation of the 
specimen and joints; (2) to measure the relative movem~nt of the gusset plates 
and angles at the critical sections or first rows of rivets in the joints; (3) to 
indicate the relative movement of the angles and gussets at the last rows of 
rivets in the joints; and (4) to record the movements between the gussets at 
opposite ends of the member relative to the first rows of fasteners in the 
joints. 
With only minor modifications, the methods of mounting were identical 
to those used in the Group 1 tests~(3) Since the dial locations for all of the 
starred-angle members were similar, a typical specimen is detailed in Fig. 5a. 
The A and AM specimens had mechanical measurements very similar to those used 
for the C and eM specimens and this arrangement is shown in Fig. 5b. 
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Without exception, all specimens were given a coat of whitewash just 
prior to testing. This simple procedure provides a means of determining where 
yield patterns or Luderts bands form at various points on the specimen. It is 
easy to apply, inexpensive, and provides a qualitative indication of the extent 
of yielding. Its success is dependent on the care of application and on having 
a good doating of mill scale" The whitewash spalls off the specimen with the 
mill scale as yielding takes places A rusty surface, such as was found on the 
angles and webs used in some of the specimens, gives neither a good pattern nor 
an accurate indication of the extent of yielding. The only other requirement 
for this whitewashing is that the surfaces be clean and especially that they be 
free of oil or grease. 
Electric strain gages (sR-4: Types A-I and A-7),whi:ch are'wire 
resistance gages, were used in every test. However, the number of gages used 
and their locations varied from specimen to specimen, as attempts were made to 
learn more about the specimen behavior. To describe precisely or illustrate 
completely where almost 500 gages were used would require a great deal of space. 
Instead, locations of various gages or sets of gages will be described when the 
recorded strains are discussed. The measurements were made to study the 
following~ comparison of strains in angles at the mid-length of members; distri-
bution of strain in angles and web plates; variation in strains behind the fas-
teners along the length of a joint; strains near stitch rivets; strains in 
batten plates and gusset plates; and distribution of load to pull-plates attached 
to double-plane members, such as the A and C specimens. The strains in the pull-
plates were recorded in exactly the same manner as had been done for the Group 1 
tests. The equipment used for all of these strain measurements was of a 
conventional type, but did include capacitance balance where required. 
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Co Sequence of Testing. After the specimens were installed in the 
testing machine and prepared for testing, a nominal load of approximately 1000 
psi on the gross area was appliedo At this load, IIzerofl readings were taken on 
both the mechanical dials and the strain gageso This procedure was used because 
of the difficulty (which arises on most large testing machines) of holding a 
zero loado This also removed any small initial bending which m.ight have existed 
on some of the specimens 0 
The load was raised to ultimate in about fifteen load increments. 
Strain gages and deformation dials were read immediately after each load incre-
ment was appliedo If any major slip occurred, readings were also taken at that 
point and additional measurements were made as normal loading was resumed. 
During all tests, rough plots of over-all deformation on both sides of 
the specimens and plots of data from representative strain gages gave prompt 
indications of behavioro The test patterns ~nd events were, of course] quite 
similar for all specimens of a given typeo For this reason, the detailed 
descriptions of the tests will be found in Appendix AD 
Because two testing machines were available, specimens were not tested 
precisely in the order in which they are listed in the tables but were selected 
on the basis of convenience, the machine to be used; and, on occasion] the test 
history of other similar or related specimens. 
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III" RESULTS AND ANALYSIS OF TESTS 
7. General Discussion and Presentation of Results 
Among the studies and comparisons which will be made for the thirty 
specimens tested in this study are: distribution of load to pull-plates; load-
strain relationships; load-deformation relationships; discussion of failure 
types; effects of hole preparation; and joint efficiencies. An analysis will 
also be included which covers the results of tests of truss-type tension members 
and angle members reported in the literature,. 
Throughout this report the term Hrow of rivets" is used to describe 
those rivets in a direction perpendicular to the axis of loading.. A tiline of 
rivetsfl will refer to the rivets parallel to the axis of loading. For example, 
Specimen A-I-DB, Fig. 3, has 7 rows and 5 lines of rivets in each joint. Unless 
otherwise specified, the order of the rivet rows refers to the member itself; 
i.eo} the first row of rivets in a joint is the one at the net section of the 
member, or, it is the first row of rivets nearest the mid-length of the specimen. 
Similarly, the last-row rivets are those farthest from the mid-length of the 
specimen.. In the photographs and original test data, the loads have been speci-
fied in thousands of pounds or nkipsu (abbreyiated: K) while the stresses have 
been reported frequently in units of HksifI or I1kips per sq .. in.t! .. 
Because there are several methods available for computing net areas, 
it was decided to make all comparisons on the basis of stress on the handbook 
gross areas. Those who wish to change this basis of comparison to that of a net 
area may convert by multiplying the unit stresses by the factor of the gross 
area divided by that net area~ With this in mind, Table 1 lists the gross areas 
and the AISC or AREA net areas. 
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Because of the average engineer t s l1f'eel i2 for stresses in contrast to 
strains, it was decided that the preferred method of presentation for certain 
strain data would be to show these data in terms of stress at the gage location. 
Such an analysis mustJ of course, be limited to the range of load in which 
Hooke's Law (stress proportional to strain) appliedo It then may be stated that 
0' = € E 
where cr is the stress in psi at the point where the strain was measured; € is 
the measured strain ino/ino; and E is the modulus of elasticity, in psi (assumed 
to be 3O,OOOJOOO psi)o It is hoped that this method of presenting strains in 
terms of a stress level will give the reader a better understanding of the be-
havior of the memberso However, it must always be kept in mind that a stress 
obtained in this way does not represent (unless by accident) an average stress 
in the member, but that it represents the stress in the member at that location 
only, just as the recorded strain can only represent the strain at that gage 
location 0 Though variations of the actual E from the assumed E may introduce 
errors of a few per cent, the major differences between the recorded stress at a 
point and the average stress on the section computed from the total load will be 
due to such factors as the geometry of the specimen and the severity of the 
notches 0 These factors would tend to make the stress gradient large in some 
specimens and thus remove the possibility of obtaining equal values of observed 
stresses and computed average stresseso 
The results of all of the tests conduc'ted in this study are presented 
in Table 70 Shown in this table are the AISC design loads" based on the member,l s 
net section and a stress of 20 7 000 psi, along with the resulting Safety Factor 
based on the net section design loado A factor of safety has also been computed 
based on the AISC design load for the part of the joint which did faile (It 
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might be noted that AREA design loads are 0090 as great as those tabulated and 
that the AREA factors of safety would be loll times those shown.) 
Current specifications(28) permit the use of one high strength bolt 
for one rivet of equal size but not all bolted members had such a direct sub-
stitution; some had fewer boltso Thus the factors of safety marked by an Itan 
in Table 7 are based on the allowable stress on rivets of size and number equal 
to the bolts usedo Therefore, these three fffactors of safetytl must be considered 
with caution. Further examination of factor of safety will be made later in 
this reporto 
As was evident in Table 7 the manners of failure were manyo These are 
illustrated in a- number of photographs of typical failures which are presented 
below by member typeso 
SA Specimens~ A typical shear failure for these starred members is 
shown in Figo 6ao Moreover, this photo shows the extensive yielding which took 
place in the 1/2-ino gusset plateso Other points of interest in this photograph, 
typical of the behavior of these members, are the slight spreading of the angles 
(arrows) and the yielding in the angles at the first few rivets and at the stitch 
rivets 0 The results of strain readings made on the gages visible in Fige 6b 
will be discussed latero Cracks, such as those shown in Figo 6c, often emanated 
from the last-row holes in the gusset plates of the SA specimensa This photo-
graph is an enlargement of the area enclosed in the small rectangle of Figo 6a. 
These cracks are suggestive of the manner in Which the gusset fractures started 
in other specimens6 
Much more unusual were those failures which are best described as 
flsplittingtl fractures.. Two of these are shown in Fig., 7.. It is believed that 
these started as ductile tears such as those shown in Figo 6c which grew longer 
and, in time, developed between the last two holes. Then, the plate split or 
sheared along one line of fasteners rather suddenly and the other crack con-
tinued as a tearo Often the line of holes which did not fail exhibited the 
initial phases of splitting, as shown by the arrows of Fig. 7co At times, 
portions of these splits had the crystalline appearance and IIshear liprt charac-
teristic of brittle fractures (Fig. 7c). 
One of these fractures showed a great deal of brittleness not only 
a~ong the split but also across the gusset plate. This is shown in Fig. 7b. 
A ductile tear developed at the top holes (marked D in the photographs) and had 
probably progressed almost to the toes of the angles when suddenly, the crack 
direction changed and the fracture type became brittle (marked B): the 
fiherringbone U pattern, the submerged crack (the end of one is indicated by an 
arrow labeled nSII in Fig. 7c), and the shear lip typical of brittle fractures 
were noted. These cracks propagated to one edge of the plate and almost to the 
other edge. At about the same instant, splitting appeared along one of the 
lines of fasteners. This split also showed brittle sections along with sections 
which appeared ductile. In the SA specimens only the punched members exhibited 
this splitting. However, photographs of a split in a drilled gusset will be 
shovffi later. 
One drilled gusset plate for an SA specimen tore ductilely all the way 
to one edge and almost to the other. This fracture is illustrated in Fig. 8a. 
In Fig. 8b, this same fracture is shown after the specimen was disassembled. Of 
particular importance are the elongated holes which show that the principal dis-
tortion in these plates was caused by plastic flow and not by high bearing. 
Another point worth noting is that in this specimen the fracture continued to 
the edges of the plate along the same direction as that which had been taken by 
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the ductile portions of the splitting or brittle gusset fractures discussed 
previouslyo 
The failure type which had been expected initially (particularly in 
view of the excess rivet and gusset areas provided in the design, as determined 
by current specifications) is pictured in Fig. 8c. This net section failure was 
obtained by the use of extra-heavy gusset plates. 
SB Specimens: No unusual or unexpected failures occurred in these 
four tests. Typical of the net section fractures is the one pictured in Fig. 9a. 
SD Specimens: Failures of these members were also as anticipated; 
fractures occurred at the net section and involved the first stitch-rivet hole 
(Fig. 9c), the second stitch-rivet hole, or a combination (Fig. 9d). The yield 
patterns on both angles and gussets are well defined in these photographs. 
SE Specimens: A net section failure for this specimen type is shown 
in Fig. 9b. Once again, a 3/4-in. plate had to be used to provide such a fail-
ure. As in most every net section failure, the fracture path passed through the 
holes filled by the first stitch rivets (indicated by an arrow). Two points are 
of particular interest in this photograph: the patterns of shear lines formed 
in the whitewash; and the spreading of the outstanding legs of the angles beyond 
the stitch rivets (see arrow at bottom of photograph). 
This same spreading shows up also in each of the photographs of Fig. 
10. The first picture portrays the shear failure of rivets in an SE specimen. 
Figure lOb illustrates a typical gusset failure and also shows the location of 
the strain gages installed on SE-2-PR. The failure path of the ductile tear in 
this member is similar to the failure shown in Fig. 7b; it is transverse between 
the holes; shears downward at an angle for several inches to either side of the 
holes, and then becomes more nearly horizontale 
The spreading at the ends of the SE angles varied from about 3/8 in. 
to more than twice that distance. An example of this deformation is pictured in 
Fig. lOco Three other items should be noted in this photograph: the warping or 
bending of the connected legs of the angles; the sheared bolt on the left; and 
the unfractured bolt on the right. These bolts show clearly that a shear plane 
in joints with high strength bolts may pass through the threads of the fasteners 
even though the length of the threads is standard. (A similar situation was 
noted in Ref. 29.) 
A Specimens: Although originally marked A-I and A-2, these specimens 
were not identical in joint pattern, as was pointed out in Fig. 3a and 3co 
Specimen A-I-DB had 1/2-in. gusset plates and a uniform, rectangular pattern 
identical with that of the riveted joints tested in the Group 1 tests. The 
failure photographs in Fig.. 11 show the Uunbuttoning" typical of shear failures 
in these large built-up joints. Every gusset plate had at least one corner bolt 
sheared.. The top west (Fig .. lla) gusset .lost seven fasteners and tore at the 
last row; the top east (Fig. lIb) joint sheared only two bolts; tne bottom west 
(Fig., llc) joint lost one bolt; and the bottom east gusset (Fig. lId) sheared 
two fasteners and finally a third as a tear across the bottom or last row 
developed into a split along the outer line of the drilled holes" 
The complex strain patterns are evident in these photographs and in 
those of Fig.. 12a and 12b~ The first figure shows again how standard practice 
may put threads at the shear plane of some joints" The imprints of the threads, 
produced by high bearing, are clearly visible in Fig. 12a. A close-up of the 
split gusset is portrayed in Figo 12bo 
The second A specimen is shown in Fig. l2co A modified joint pattern 
(Fig. 3c) and 3/4-ine gussets produced a shear failure at the bottom east side. 
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The top west gusset is shown in Fig.. 12c and again the start of uunbuttoning" is 
evident in the lower right corner 0 
AM Specimens: These two specimens were alike in joint pattern but had 
different gusset plate thicknesseso The mode of failure in both was bolt shear, 
with the thicker gusset having lower deformations and thereby producing a higher 
ultimate load in shear.. lIUnbuttoningtl developed in these two members also and 
is depicted in Figo 12do The complex yield patterns are visible in this same 
photograph .. 
C Specimens: These specimens (Fig~ 4) both failed in a similar manner, 
even though one was stiffenedo Specimen C-I-DB had a net section failure (Figs. 
13a and 13b), which passed through the second stitch-rivet hole because the end 
of the web buckled as failure occurredo This buckle, shown in Figo 13c, changed 
the loading on the angles as they rupturedo 
Specimen C-2-DB also was a net section failure. The fracture path was 
somewhat similar to that for C-I-DB but after reaching the fillet of the angle, 
changed direction and passed through the fir$t stitch rivet (Fig. 14a). Here 
again the web buckled and the web tore slightly at the second stitch rivet 
(arrow) 0 
eM Specimens: Both CM specimens failed at the net section with the 
failure path going through the first stitch rivet. The webs buckled at the ends 
of these members, tooQ All of the C and CM specimens distorted at the net sec-
tion as shown in Figo 14bo The necking down of the angles or the pulling away 
from the web plates is quite apparent. 
8e Distribution of Load to the Pull-Blateso 
As mentioned in a preceding section, strain gages were used on the 
four pull-plates of the double-plane members to measure the distribution of load 
to the gusset plates of those specimens. This same technique had been employed 
in the Group 1 tests performed earliero Strain gages were located on both sides 
of all four pull-plates near each edge and at the centerline. It was found that 
the recorded strains were highest at the edges of the plates and lowest at the 
center. As the loads increased, the strain gradient also increased until at 
about 800 kips the measured strain at the center might be only 3/4 of that noted 
at the edges of the plates. This is explained in part by the geometry of the 
pull-plates 0 Further details on these measurements may be found in Ref. 3. 
When the loads in the pull-plates were computed by assuming parabolic 
strain distributions (Simpsonts 1, 4, 1 Approximation) to determine average 
strains, it was found that these computed loads were in good agreement with the 
applied loads. The Modulus of Elasticity, E, was taken as 30,000,000 psi. At 
the lowest load increment (usually 25,000 lb. or less), since there were no zero 
readings, it was assumed that the gussets were equally loaded; and from that 
point, strains were extrapolated to a zero loado At very small loads (up to 
about 50,000 lb.), this method of extrapolation does introduce some error due to 
secondary effects from placing the specimens in the machine~ But, since these 
effects are small and the loads involved were also small, this is not a serious 
effects 
The load in both pull-plates at the top and again for the bottom could 
thus be computed, and a rough check could be made on the actual load applied to 
the specimeno By a comparison of the load on one plate to the total load carried 
by both plates at one end, the per cent of load in each plate could be obtained. 
The distribution of load to the pull-plates is shown for the double-plane speci-
mens in Figse 15 through 180 
In these figures, >the average stress on the gross section is plotted 
against per cent of total load in the pull-plateso For convenience, the total 
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load on the specimen is also shown, as is the ultimate load and the manner of 
initial specimen failureo Note that with few exceptions, the point of failure 
(east or west, top or bottom) can be predicted from a review of these figures. 
Further, from these plots it can be seen that near ultimate loads the load dis-
tribution to all four gussets had approached 50 per cent with none having a 
distribution more than 2 1/2 per cent different, despite larger unequal dis-
tributions at earlier loadso For this reason, it is felt that the ultimate 
loads obtained in these tests were independent of the variables induced in 
placing the members in the testing machine, the possible out of square of the 
pull-head pins, or similar factorso However, it is reasonable to surmise from 
a comparison of these plots, that the earlier inequality of load distribution 
did increase the deformation of one side over the other side of the specimen, 
and thus did affect the point of failureo 
These observations are in agreement with those made in the earlier 
series of similar double-plane members performed under Group 10(3) 
90 Load-Strain Relationships. 
Ao Angle Strains. The starred-angle members had four angles connected 
back-to-back to a common gusset and sti tch rivets in the, out standing <Legs .at the 
jointso Therefore, they might have been expected to have uniform load distribu-
tion to the four angles. However, strain readings taken at the mid-length of the 
members at the center of each connected leg were often unequal (see Fige 19a). 
In some of the riveted members and particularly in the bolted members, inequali-
ties in the strain distributions appeared at low loads, and before slip occurred. 
Generally, these differences increased when the joints slippedo 
The inequalities after slip may be attributed to fasteners having 
unequal hole clearances and to mismatched holes, causing the fasteners to come 
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into bearing unevenlyo These conditions appeared to be more prevalent and of 
somewhat greater consequence in the bolted members than in the riveted members; 
and the large variations in slip at various points or locations in the bolted 
members created some of the inequalities in angle strains. 
A few of the riveted specimens showed strains in the four angles which 
were extremely consistent (see Figo 19b) 0 However, other riveted members showed 
greater strains in either the north or south pair of angleso Thus, angles on 
opposite sides of the gusset plate exhibited identical strain patterns while the 
adjacent angles, despite stitch rivets, gave different strains. This suggests 
that there must have been variations in the filling of the holes by the gusset 
rivets in one line as compared to that of the other line. It should be noted, 
however, that the differences between strains in the angles were not as great 
for the riveted specimens as for the bolted starred-angle memberso 
One of the principal factors affecting strains in the bolted members 
appeared to be unequal bearingo The pair of angles on one side of the gusset 
plates bore on the full bolt sharu~s while the pair on the opposite side of the 
gusset bore only on the crests of the e~posed threads, thereby producing dif-
ferent strains and load distributionso 
The effects of such bearing are portrayed in Figo 19a, along with the 
effects of strain redistribution after slipo Member SA-i-DB was assembled in 
compression (maximum possible slip)o The northeast and northwest angles were on 
opposite sides of the gusset plates and connected to the plates by the same bolts. 
The bolt heads were on the east side of the connection while the nuts were on the 
west. Both east (head side) angles showed similar strains while the two west 
(nut) angles also had similar strains. In Figo 19a it may be seen that although 
the two angles had like strains initially, as the load increased, the side 
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bearing on the threaded end of the bolt had smaller strains and probably carried 
less load than the angles bearing on the full shank, particularly at loads above 
design level. The slight readjustments in angle strains with slips are also 
evident in these plots~ Of course, only those joints which were assembled in 
compression exhibited the slip and related readjustments} but in other respects 
these plots are typical of results for other bolted members. 
Some idea of the strain distribution across the width of the angles at 
the gross section was also obtained by means of strain gages. Three sizes of 
angle w·ere employed in these tests: 3 1/2 x 3 1/2 x 7/16; 5 x 3 x 3/8 (5-in. 
legs connected to the gusset plates); and 5 x 5 x 3/80 The strain distribution. 
for these several angles were common in one respect: at loads which produced 
working stresses, the outstanding leg was strained only 2/3 to 3/4 as much as 
the connected lego At considerably higher loads, the outstanding leg became 
somewhat more effective" This phenomenon, generally referred to as tfshear-lag" , 
will be discussed later. Although the unequal straining was more pronounced in 
the outstanding legs, evidence indicates that the connected legs also had shear-
lag. 
Figures 20 and 21 show the strain distributions across one of the 
angles in a given specimen of each angle size. For the 5 x 3 x 3/8 angle two 
plots are shown: one for one line of rivets in the 5-in. leg, and a second for 
two lines of rivets in the 5-in. leg. Also included in these plots are the 
average strains at the center of the connected leg of all four angles, and the 
nominal computed average strains for a given load. 
The distribution of strains in the vicinity of the net section and 
along the length of the joint were of interest and one specimen, SA-2-DR, was 
instrumented with a number of gages (Figo 6b) at locations not used on other 
specimens. The information obtained from these gages may be found in Figs. 22 
and 23~ (Reference to the diagram in Fig. 22 will enable the reader to better 
envision the location of the various gages and the rivets on this member.) 
The measurements shown in Fig. 22 were made along gage lines A and B. 
There is a considerable difference in these recorded strains and those shown at 
mid-length of the same member (Fig. 20a). From Fig. 22a, we note that behind 
the last stitch rivet not only are the strains smaller at a given load but also 
that the strain gradient is greater and that apparently significant bending 
develops at higher loads, creating compressive stresses in the vicinity of the 
toe of the angle. Figure 22b illustrates the manner in which the lines of 
strain by-pass a hole. 
Ordinarily, a stitch rivet is not expected to transfer load from one 
angle to the other since inequalities of load in the two angles are often small 
compared to the total load. Gage No. 30 (Fig. 22b) was immediately behind a 
stitch rivet and the low stresses which were observed there are felt to be an 
indication of the ineffectiveness of the material behind the rivet rather than 
indicative of bearing pressures created by the stitch rivet. 
The strains immediately in front of this same stitch rivet are shown 
in Figo 23a, along with the strains behind the first gusset rivet (see Line C 
in Figs 22). Both of these plots show the ineffectiveness of the material in 
front of or behind the rivet holese However, the material behind the first-row 
rivet is transferring load to the rivet by compreSSion, and this load transfer 
affects particularly the strains shown by Gage No. 25. 
Even some distance (2 1/2 in. for Line D) away from the center of the 
hole for the first stitch rivet, the strains have not approached the distribution 
noted in Fig. 20a for the mid-length of the member. The ineffectiveness of the 
material in front of the first-row rivet is evident also. 
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This tlflow of stress!! around the rivets has been noted often in 
studies of flat-plate joints also; examples of somewhat similar strain distribu-
tions are shown in Ref. 31. 
B. Strain Behind the Fasteners. As Fig" 6b and other photographs 
have shown, strain gages were installed behind a number of the fasteners. They 
were placed as close to the rivets or bolts as was feasible. Tests(3l ,32) with 
small jOints had suggested that there is a fairly good correlation between slip 
and the strains behind the critical rivets" 
In the present series of tests with longer joints it was noted that 
the strains behind the fasteners reflected slip behavior to some degree and were 
responsive to yielding of the plates and angles as well. No consistent differ-
ences appeared for punched versus drilled members or for bolted versus riveted 
members" 
Among the factors which can affect readings of this type are the 
following: 
(a) Large joints do not always slip as a unit, but rather in stages, 
possibly placing some fasteners in bearing before others. This has been pointed 
out in tests of both truss-type(25) and flat-Plate(14) joints. 
(b) Large joints often do not slip as much as might be expected for 
known hole clearances" (14) 
(c) Rivet heads and washers may not always be concentric with the 
fastener holes, thereby leading to a variation in the strains recorded from gage 
to gage purely from variations in the locations of those gages relative to the 
holes" 
A typical plot of strains behind the rivets is shown in Fig. 240 In a 
structural joint such as the one presented here, the material in the angles at 
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The fasteners come into bearing as the second stage ends and, behind 
the rivets, compressive strains are added (algebraically) to the tensile strains 
in the angles. As Stage III continues the bearing causes the compressive effect 
to become greater and during the last stage the strains behind the rivets become 
compressive, despite the very high tensile strains which exist on either side of 
the fastener holeso 
It is apparent that the strains behind the other rivets in the line 
reflect some of the same stages of loading by changes in the strain rate or 
slope of the plots at or near the beginning of each stage. The degree of hole-
filling or fit of the fasteners and the location of the gages relative to the 
edge of the hole, no doubt affected somewhat these curves o 
At the right in Figo 24 are shown the measured strains behind the 
stitch rivets of a specimen identical to that shown in the left portion of the 
figure 0 These stitch rivets, because they transfer little or no load from one 
angle to another, do not produce strains or strain changes of any magnitude. 
The strain gages also appear to ,have been located in an area of the outstanding 
leg which was:little affected by the tension on the memberso It appears that 
these strains behind the stitch rivets respond to load primarily in Stage IV of 
the load-slip curves where high plastic strains begin; the strains recorded for 
those gage locations indicate stresses that are little more than 2000 psi for 
loads up well past the design rangeo 
The longer joints usually had chaxacteristics similar to those shown 
in Figo 24~ (a) the strain behind the first-row fastener generally was the 
largest tension recorded because of the higher contribution of the angle strains; 
(b) the amount of tension in the angle behind the fasteners dropped progressively 
as the angle transferred more and more load to the gusset plate; and (c) the end 
or last-row rivet or bolt often gave compressive stresses at all times. 
The shorter joint shown in Figo 25 did not exhibit a slip diagram 
which could be divided easily into stages 0 However, some of the same behavior 
described earlier can be seen in the figure 0 
Another point of interest in Figo 25 is that the strain patterns 
behind the two first-row fasteners were almost identical, the inner gage exhibit-
ing slightly more strain than the outer 0 The same relation exists in the second 
rowe The larger strains recorded behind the inner fasteners might have been 
expected since it was shown earlier that shear-lag produced higher strains in 
the angles near the fillets 0 
Some investigators(16,49), by means of similar measurements behind the 
fasteners, have estimated the amount of load transferred to each rivet or bolt 
in a jointo Usually their joints had a large pitch and the strain gages were 
centered between the fastenerso However, it was not felt that such calculations 
could be justified in the present testsG 
In order that the spread in possible strain readings behind the first-
row rivets may be appreciated, in Figo 26 are shown the records on seven gages 
located behind the heads of various first-row rivetso There is a wide variation 
in the strains at these seven identical points on the same specimeno Certainly 
variations occur in the loads carried by various first-row fasteners. However, 
it did not seem probable that the large vR.riations reflected in Fig9 26 would 
have been caused by a load distribution only since this specimen was match 
drilled, riveted with a pneumatic yoke, and the rivets had short grips (and thus 
better degree of hole-filling) 0 Therefore, other factors, such as strain gage 
location, etco, must have been importanto These factors could not be evaluated 
sufficiently to permit meaningD~ load transfer calculationso 
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In Fig. 26 may be seen the load-slip curves for the net section at 
three locations~ These may be compared with the strain readings at the first-
row rivets in much the same manner as shown for Figs. 24 and 25. 
c. Strain in Gusset Plates. The large number of unexpected gusset 
plate failures led to an exploratory or preliminary study of the strains in one 
gusset plate. The gage locations can be seen in Figo lOb. The strains from 
these gages are presented in Fig. 27. On the left are plotted the gages opposite 
the first row, and on the right, in dotted lines, are the results from half a 
line of gages 7 1/4 in~ beyond the end of the member. Strain gages were placed 
on one side of the gusset only and therefore bending may have occurred and may 
account for higher average strains than would be computed by elastic theory. 
The strain distribution beyond the member during the elastic range was 
somewhat parabolic, as described in Ref. 25. However, opposite the first row 
the strain was much less uniform. In fact, at working loads the gage nearest 
the edge of the plate indicated a strain only about 55 per cent of that shown at 
the gage closest to the angle. 
De Strain in Batten Plates. The strains which were recorded in the 
center of several batten or tie plates of the box members were only nominal in 
magnitude. Three gages, in a rosette arrangement were used and readings were 
trucen at several other points in some instances. The magnitude of the strains 
for these plates was between 100 and 200 micro-ino or, the maximum stresses were 
3000 to 6000 psi approximately. Because these strains were small, no sample 
plots are included. Needless to say, a different size batten plate might pro-
vide results of a different nature. However, such measurements do point out 
that loading more or less uniformly the two gussets on either side of these 
members produced only nominal stresses in the battens. Such a conclusion had 
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already been deduced from angle strain measurements in the Group 1 tests(3) but 
had not been verified by actual measurements on the battens .. 
E. Strain in Webs and Angles of TrUSS-Type Memberso Measurements on 
the webs and angles of the box sections showed that even in these members some 
shear-lag existedo Although the webs at mid-length were fairly uniformly loaded 
over much of their width, the angles were not loaded nearly so uniformly, nor so 
highly. In fact, for AM-l-DB, at working load the outstanding leg of the angle 
just 1/2 in. from the web had only about 73 per cent* of the average strain in 
the webs while 1/2 ino at the toes of the outstanding legs the strain had dropped 
to about 26 per cent of that in the webs. 
The absence of batten plates or lacing bars along the sides of these 
members probably contributed to the very low strains at the toes of the outstand-
ing legs. The lack of restraint permitted the members to bow slightly at the 
center as each side of the member tried to align itself with the plane of load-
ing through the gusset plates to which it was attached 0 This bending would 
increase slightly the web plate strains and decrease considerably the angle 
strains at the toes. The center of gravity of the two angles and web is in the 
connected leg of the angles approximately 3/10 ino from the inside'face of the 
web. Thus, on the outside of the web,any increase in the strains because of 
bending would create a reduction in strain at the outstanding toes of the angles 
four times greater. 
Calculations using the recorded strains and the gage locations confirm 
the occurrence of bowing and, if allowance is made for shear-lag and net areas, 
check quite closely. Further computations lead us to the conclusion that a 
movement or bowing of about 3 1/2 to 4 hundredths in-., would be sufficient bending 
to produce much of the inequality in strains noted on these members at mid-lengt~ 
* Comparisons for similar box member stresses were made in Ref. 3 with the ratios 
ranging from 73 to 85 per cent, depending on specimen and side considered. 
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As might be expected from a study of Fig. 16a, the west side of 
AM-I-DB shows greater strains in the plot in Fig. 28 than does the east side. 
The comparatively low angle strains and the distribution in the webs, at mid-
height, are evident. 
Strain readings on the built-up I-sections showed that the angle legs 
which were connected to the gussets were not uniformly strained even at roid-
length of the member. Typical of these readings are the data plotted in Fig. 29. 
Here, the higher strains in the southwest angle are also indicative of the load 
distribution shown in Fig. 18a~ The strains shown in Fig. 29 for the west angle 
and for the east angle near the web agree well with the strains in the web at 
either edge and shown in Fig. 3Oa. 
Web strains at the mid-length and at the first stitch rivet of CM-I-DB 
are presented in Fig. 30 and are typical of those recorded in other tests. It 
is quite apparent that for a given load the web strains at the mid-length of the 
specimen are considerably larger than those opposite the first stitch rivet. 
For example, at working load the strain in the web at mid-length is almost one 
and one-half times as great as the stress near the first-row fastener. 
With a gross area of 19044 sq. in. and a net area of 15.62 sq. in. 
this specimen might have been expected to have approximately Goo micro-in. of 
strain on the net area at AISC design load of 312.4 kips. Since the web had 
strains (Fig. 3Ob) of only about 350 micro-in., or 58 per cent of the computed 
value, it is apparent that the angle strains or stresses must have been much 
higher than the nominal average. At mid-length, the web was more nearly fully 
effective. At working load we would expect a nominal average strain of about 
485 micro-in., based on a nominal gross area stress. Figure 30a shows that a 
strain of about 500 micro-in. was measured in the web at 31204 kips, indicating 
relatively uniform distribution of the load across the section at mid~length. 
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An earlier stUdy(27) has shown web strains of 50 to 60 per cent of 
the nominal strain at the first row of fasteners for a similar member. A 
report(24) of tests of rolled 18-in. I-sections shows a number of web strain 
plots similar to those presented in Fig. 30. In that report, the strains in the 
web at mid-length approached closely the computed value, just as was noted for 
CM-I-DB above. And, at the first row fasteners only about 60 per cent of the 
computed strain was measured in the web. This loss of effectiveness of the webs 
of I-sections connected by the flanges is discussed further in Section 11 of 
this report. 
The strain along the web inside the joint is transferred through the 
stitch rivets to the angles fairly rapidly near the first row fasteners at all 
stages of loading. This is shown in the strain contours of Figs. 31 and 32. 
Figure 31a was plotted for a load of 100 kips or about one-third of the AISC 
design load. In Fig. 31b is shown the strain pattern at 96 per cent of the 
design load. Both of these diagrams illustrate the higher load carried by the 
west side of this member. 
As the member carries a 30 per cent and then a 90 per cent overload 
the strain patterns shift accordingly but always produce a high rate of transfer 
from web to angles to gussets near the first few rows of fastenerso These pat-
terns are shown in Fig. 32a and 32b. 
The statement was made earlier that the strains on one side of a web 
plate did not necessarily agree with those recorded for the, other side, possibly 
because of initial bending of the specimen and particularly because of unequal 
loading of the two lines of fasteners in the outstanding legs. An example of 
this is shown in Fig. 33 for Specimen CM-2-DB. It is also worth noting in this 
same plot, the larger strains at the east edge of the member also shown in Fig. 
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10e Load-Deformation Relationships 
The measurements (Fig .. 5) taken with mechanical dials provided an 
excellent means of evaluating the several techniques of fabrication and the two 
fastener types.. The following deformations or movements were measured: (a) 
over-all movement or separation of the gusset plates, measured between the ends 
of the members; (b) movement between the angle and the gusset plate, measured at 
the first row; (c) movement or separation of the two gussets measured between 
the two first rows; and (d) the relative movement between the ends of the mem-
bers and the gusset plates near the last rows of fasteners. All of these 
measurements reflected certain elastic and plastic deformations which, in these 
large joints, generally exceeded the flslipfl which occurred except for those few 
cases where the joints were assembled in compression.. ttSliptl can be considered 
as the sudden sliding that may take place in a joint when friction is overcome. 
When slip occurs, one or more fasteners may come into bearing. Of course, the 
fastener clamping forces, surface conditions of the plates, and hole clearances 
affect this slipe 
A. Over-all Deformation. The riveted starred-angle members, of a 
given specimen configuration, were tested in pairs; holes in one pair had been 
drilled, and in the other pair the holes had been punchedo Measurements were 
taken on both sides of a member (Fig. 5a)o Some variation was noted from one 
side to the other caus~ in part, by somewhat different minute clearances around 
the fasteners and, in part, by slight eccentricities which might have existed in 
the specimens.. However, when both readings for a given specimen were averaged 
with readings from the companion test, a somewhat more conclusive pattern 
emerges: punched members generally had lower deformations at a given load than 
did drilled members of the same proportions.. This is evident in Fig. 34, 
particularly at loads above the working rang~where the drilled members had the 
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greater deformationso For some reason which is not evident, the SE members do 
not agree with this observation. However, similar comparisons between punched 
and drilled specimens were noted in the Group 1 tests(3) 0 These smaller deforma-
tions in punched members may be the result of two possible effects: (1) punch-
ing reduces the ductility of the net section; (2) punching may produce a 
depression and a lip which may act as a shear key and impede deformationso It 
was noted earlier(3) that these two effects, which reduce the deformations of 
punched members, probably account for the shear strength of punched joints being 
greater than that of drilled jointso 
In Figo 34 lines of initial slope are marked ItTheoretical--Gross" or 
"Theoretical--NetlYo These refer to a computed over-all deformation based on the 
gross area, or the net area, of the member and the over-all length of the member, 
including both joints. Since the formula 6 = ~ was used*, such a computation 
is a good approximation for stresses only in the elastic range. And, at working 
loads (indicated in Figo 34 by a triangle), the computation based on the net 
area appears to be in somewhat better agreement with the measured deformations. 
However, had these members been ten or twenty times the lengths actually tested, 
no doubt the gross area would have been more nearly correct. This conclusion 
agrees with the findings of the Group 1 tests and other large joint tests, (12) 
and could be further supported by consideration of deformation measurements made 
at other points on the memberso It might be noted here that the differences in 
deformations produced by various fasteners or by various methods of fabrication 
* 6 = Total deformation; P = total load; L = length between end rivets for 
these specimens, but usually taken from panel point to panel point in design; 
A = area of member, usually taken6as gross area in design; E = modulus of elasticity, assumed to be 30 x 10 0 
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are not great compared to the various elastic deformations present in members of 
20 to 50 fto in lengtho 
Not only does the manner of fabrication affect deformations, but also 
the type of fastener and the manner of assemblyo These effects are best under-
stood by a study of Figo 35, where over-all deformations are plotted" Of course, 
similar comparisons could have been made using any other measurements. 
In this figure are shown average curves for the following combinations 
of details: drilled and riveted members; punched and riveted specimens; punched 
and bolted members, one assembled in tension and the other in compression; and 
two drilled and bolted members assembled in compression, one with 1/2-ino gusset 
plates and the other with 3/4-ino gussets. 
These points are apparent: (1) At working stresses and up to about 
35 per cent above working stresses all the bolted members showed smaller deforma-
tions than were averaged by either punched or drilled riveted members" (2) First 
major slips in bolted members did not occur until well beyond working stresses, 
regardless of the manner of assembly -- whether tension or compression was 
applied to the joint .·before bolting-up was begun" (3) Not all bolted joints 
assembled in compression exhibit a sudden slip (SA-2-DB).. (4) As with rivets, 
punched members which are bolted show smaller deformations than identical 
drilled members (SA-2-PB and SA-2-DB)0 (5) As might be eXpected, heavier gusset 
plates affect substfultially the deformations at loads well above the working 
range 0 
These same observations could be made had the SE specimens been 
selected for study, except that punched and bolted members are not available in 
that series" 
The over-all deformations for the box sections, or A and AM members, 
are shown in Fig.. 360 In general, the measurements of over-all deformation for 
the double-plane members reflected the difference in pull-plate load distribution 
discussed in Section 8 and shown in Figso 15 through 180 Where the east pull-
plates were more heavily loaded, the east deformation was greater a And, just as 
with strains in the pull-plates, as loads approached ultimate, the deformations 
of the two sides of the specimen tended to become more nearly equalo In Figo 36, 
separate plots of the east and west deformations for AM-2-DB reflect early the 
larger loads observed in the west pull-plates (see Figo 16b)o Again, the riveted 
members (from the Group 1 tests(3)) had higher deformations at a given load than 
* had the comparable bolted member A-I-DB, particularly at the higher loadso We 
may also note that heavier gusset plates gave somewhat lower deformations, 
although not as consistently as had been noted earliero This may be accounted 
for, in part, by the fact that hole mis-matching is more likely in large, many-
fastener joints, and that greater deformations may develop in those cases be-
cause of hole clearances around some of the boltso 
The built-up I-sections also provide very interesting deformation 
plots (Fig. 36). The longest joint, seven fasteners in a line for CM-2-DB, had 
the smallest deformationso The specimen with six bolts in a line, CM-I-DB, gave 
somewhat higher deformations, while the two members having five fasteners in 
line and shorter webs gave considerably greater deformationso The members of 
the Group I program, having ten rivets in line gave deformations equal to those 
in the CM-2-DB bolted joint (seven bolts) up to about one and a half times 
design level and then greater deformations were found in the riveted joints than 
in two of the bolted members of this series (six or seven bolts in a line)c 
It thus appears that the high bearing in the case of the C-I-DB and 
C-2-DB (bolted) specimens (T:B ratio of 2038) may have resulted in higher 
* This difference in deformation between riveted and bolted joints has also been 
noted ~n tests on very large flat-plate members(14) and other truss-type 
joints\25)0 
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deformations even near working loads while lower bearing stresses (T:B ratio of 
1~98) in bolted members gave deformations no greater than those found in longer 
riveted joints. This conclusion is reinforced by the behavior of two similar 
members tested with special bOlts(27): the longer joint (lower bearing stresses) 
gave lower deformations.. And, the longer web connection of the second specimen 
plus the larger bearing surfaces of these special bolts apparently resulted in 
somewhat better distribution of load to the fasteners and thus considerably 
lower deformations than had been noted for the comparable five-bolts-in-line 
specimens of this program. 
B. First-Row Deformation.. For a given specimen, the slip-deformation 
at the first row was obtained at four or eight separate points (see Fig. 5) 
depending on the type of member. These measurements reflected variations in the 
distribution of load to the components of the joints and were more sensitive to 
tlslipping" of the joints than were the measurements of the over-all deformations. 
For example, the riveted members showed slight slips (about .. 005 in .. ), occurring 
in a number of cases at loads of about 10 to 12 ksi on the net section. Rarely, 
larger "slipsu (up to 0 .. 04 in.) would develop in the riveted members at twice 
those stressese Study of the first-row deformations (Fig. 37) for riveted 
starred-angle members does illustrate again that punched members generally 
deform less. The bolted members exhibited first-row movements much like those 
discussed earlier (Fig. 35) in connection with the over-all deformations. When 
the members had been assembled in compression the major "slipsl1 were often 
sudden and occurred at about 25 ksi on the net section. Sometimes a given joint 
slipped at two loads; but, in most every case, the total slip amounted to about 
0.07 in. to 0.10 in. rather than the full 00125 in. that might have been ex-
pected on the basis of hole clearance.. Of course, these flslipsn in the bolted 
members were accompanied by plastic and elastic strains that appeared to be 
somewhat less than those recorded for the riveted members·, possibly because of 
the lower deformations which could be attributed to the fasteners. 
Top and bottom joints do not necessarily slip together nor do they 
give, always, comparable deformations. In a similar manner, the four gusset 
plates of double-plane members can exhibit several different deformation pat-
terns. In Fig. 38 are plotted the averages of four first-row dials at the top 
of a box section for comparison with similar readings at the bottom of the 
member. Variations in fabrication may introduce an important variable, for the 
two specimens having the largest variations in top and bottom readings are those 
specimens whose gusset plates (3/4 in.) were laid out and drilled using a pat-
tern punch rather than having been match-drilled as was the case for the 1/2-in. 
gussets (A-l-DB and AM-l-DB)0 And, once again we can see that riveted members 
have greater deformations than identical bolted members, particularly at high 
loads. 
The plots of first-row deformations for the C and CM I-section members 
(Fig. 37) are useful in supporting the earlier observation that high bearing 
stresses increase deformations considerably, even at working loads for these 
members 0 Here again the seven-fastener joint has a little less deformation than 
the six-fastener joint (and it should be noted that the web connection was the 
same length in both cases) while the shorter five-fastener joints fell well 
beyond, in deformations at a given loado (The stiffened member C-2-DB gave 
somewhat smaller deformations than its unstiffened counterparto) Here we find 
the riveted joint (ten fasteners in a line) gave smaller deformations at the 
first row than the shorter bolted members~ And once again, the specimens with 
special bolts(27) showed smaller deformations than similar bolted members of 
this test program. 
c. Deformation Between the First Rows. This measurement, deformation 
or separation between the first rows, (Fig. 5) was not used in the earlier group 
of tests. From a study of the gage positions it will be evident that not only 
was the deformation of the member between the first rows included in these read-
ings, but also the deformations which occurred at the first rows, since these 
movements were between the two gussets. 
In Fig~ 39 are plotted the measured deformations and the computed 
elastic strains in the angles between the first-row holes. As expected from our 
knowledge that sizeable slip-deformations occurred at the first rows, the com-
puted elastic strains do not agree well with our experimental results at stresses 
beyond 10 ksi on the gross section. However, if we add to the computed deforma-
tion, the first-row movements, we have for the SA drilled specimens the plot 
shown at the right in Fig. 390 And now our computations adjusted for first-row 
movements agree well with the actual measurements. 
With these data on movements between the two gussets at the first row 
and with the measurements of over-all deformations (Fig. 34), it is possible to 
determine the amount of elongation in the gusset plates along the length of the 
joints. Some idea of the relative magnitude of the contribution of both gusset 
plates in the SA drilled specimens is available also in Fig. 39. (Similar plots 
could be made for all specimens.) For the SA specimens, we see that the two 
gusset plates contributed a total deformation which was equal to about half of 
the deformations which occurred at the two first rows. Furthermore, the manner 
of load transfer in the gusset is sufficiently complex that calculation of any 
theoretical strain would be marred by a number of assumptions. However, the 
contributions of the gusset plates for all member types may be obtained more 
qualitatively than quantitatively by a comparison of the over-all deformation 
plots and the plots of deformations between the first rows as has been done 
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already for the SA specimense It should be noted that different joint configura-
tions will have different relative deformations. For example, the gusset plate 
deformations of one of the A specimens were apparently twice as great as the 
contributions of the first-row movements plus the member elongations between the 
first row. 
Figure 39 also supports our earlier observations that punched members 
produce smaller deformations than do similar drilled members} although some 
exceptions are apparent here, too. 
In Figure 40 can be seen the results of measurements between the first 
rows for the A and AM specimens and also the C and eM specimenso Again, the 
relative magnitudes of the various members fall in the same patterns noted above 
and substantiate the observations presented in the earlier discussions. 
D. Deformations at the Last Rows of Fasteners. Because these measure-
ments were affected considerably, in some cases, by gusset plate deformations or 
warped plate stock} these measurements should not be compared quantitatively with 
any other measurements. However, these data are of value in that they are con-
sistent in every respect with the data obtained at other locations. For example, 
Figse 41 and 42 illustrate the following: 
1. Drilled members deform more than punched members of identical 
design. 
2. Riveted members deform more than similar bolted members. 
30 Higher bearing stresses give a substantial increase in 
deformations, particularly when coupled with inefficient 
stress distribution at the net section (as with short I-section 
connections). 
4. The special bolts gave smaller deformations, particularly at 
large loads. 
51 
E. Separation of Outstanding Legs of Angles. In order to obtain a 
quantitative impression of the separation of the outstanding legs of one of the 
starred-angle members, a number of micrometer measurements were taken. Gage 
points were located a short diatance away from the toes of the angles and ex-
tended from the centerline to one end of the member. As might be expected, near 
the stitch-rivets the movements were very small. However, along the mid-length 
of the joint, the movements of the toes of the angles were toward each other 
while the toes separated near the ends of the member. The results of these 
measurements are portrayed in Fig. 43. 
Since AISC design load for this member was 238.3 kips it is obvious 
that stitch-rivets along the entire length of the joint would have prevented the 
slight separation of only 0.025 in. which did occur at the end of the member. 
Certainly, such a movement would not appear objectionable except possibly where 
rusting or corrosion will be serious. However, the deformations increased more 
rapidly with increasing loads and near ultimate, stitch-rivets for the full 
length of the joint would have been instrumental in reducing the deformations. 
It does not appear that such full stitch-riveting would affect the ultimate load 
capacity of the joints. 
Measurements similar to those shown in Fig. 43 were taken between a 
pair of angles on opposite sides of the gussets but between the gusset plates. 
The changes in these measurements were smaller in magnitude and therefore have 
not been shown. Had the members been longer between the gusset plates perhaps a 
different pattern would have emerged for those measurements and also for the 
measurements between the stitch-rivets and the mid-length of the member shown in 
Fig. 43. 
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110 Discussion of Net Section Failures 
A. Starred Angles. Only ten out of the twenty-two starred-angle 
members failed in the angle net section, despite the fact that all of these 
members had been over-designed (based on current specifications) against 
failures by fastener shear or by failures in the gusset plates. The net section 
failures produced factors of safety (based on AISC working stresses) of 2.85 to 
305,. Table 7 shows that the nominal net section stresses were as low as 55.9 
ksi at failure and as high as 70.5 ksi. 
The SB and SD specimens will permit an examination of the effect of 
hole preparation. The two drilled SB specimens developed an average total load 
of 520 kips while the pair of punched SB specimens had an average maximum load 
of 495.3 kips. Therefore, the punched members were on the average 95., per cent 
as strong as the identical drilled members. The two drilled SD specimens failed 
at an average load of 46807 kips compared to 434.9 kips for the punched members. 
This is a ratio of 92.8 per cent, punched to drilled. 
It is interesting to compare these results with those obtained in the 
Group 1 tests. (3) In the former tests, the identical angle sizes and net sec-
tions were used but the specimen were loaded through two gusset plates at each 
end (double-plane members). The joints had lacing bars and batten plates to 
separate the two planes. Because of secondary strains, the angles of the B 
specimens broke at the lacing bar rivets where the net area was 15 per cent 
greater than the area at the first-row fasteners. However, the mater~al at the 
first rows had necked down considerably and no doubt was near failure. The 
laced B drilled members failed at an average load of 499 kips while the punched 
specimens gave an average load of 460 kips. This is a ratio of 92.2 per cent, 
punched to drilled. The laced D specimens of Group 1 averaged 447 kips drilled 
and 444 kips punched: a ratio of 99., per cent, punched to drilled. 
53 
From the above, it appears that punched angle members of 5 x 3 x 3/8 
size and with 7/8-ino rivets are, on the average, 94 .. 9 per cent as effective as 
drilled members. Another interesting observation can be made by comparing the 
loads for the double-plane members with those for the starred-angle members. In 
every case but one, where similar fabrication techniques were used, the single-
plane or starred-angle members carried somewhat greater loads -- an average of 
307 per cent -- than were carried by the double-plane memberso No doubt, a part 
of this increase in load capacity can be attributed to the somewhat more uniform 
loading provided by a single gusset plate. 
Bo Built-Up I-Sections. The I-section specimens discussed in Ref. 3 
were identical to those shown in Fig. 4a except that there were ten 7/8-in. 
fasteners in each line or forty rivets in single shear at either end. Net sec-
tions were identical ~th those of the present series of tests. At that time, 
ultimate loads of 902 kips and 872 kips were obtained, and failures were through 
the net sectiono In order to verify the greater strength in shear expected from 
A-325 bolts as compared with rivets, two specimens with ten bolts in a line and 
two more members with seven bolts in a line were fabricated. A test of the 
first seven-bolt member, CM-2-DB (shown in Figo 4a), gave an ultimate load of 
866 kips. Omitting the last fasteners in the lines, one finds that Specimen 
CM=l=DB (Fig" 4c) gave a net section failure at 870 kips~ Both of these tests 
gave loads comparable to those found with all-riveted members; and it appeared 
that little could be gained testing the members having ten bolts in a line. 
In an attempt to force a shear failure in the bolts, one of these 
members was then tested with only five fasteners in a line, after the specimen 
was modified by flame-cutting the excess material from each end" (New gussets 
were also prepared,,) The first test of the shortened member gave a load of only 
706 kips, and net section failure again occurredo Since the web at the end of 
the member buckled more than had occurred in earlier tests, a second shortened 
specimen was prepared with angle separators (Fig. 4b) between the two gussets to 
restrict the relative movement of the gussetse (This bracing is evident in 
Fig. 14a.) This test produced a maximum load of 722 kips and a net section 
failure. Note that cutting the length of the joint from seven fasteners to five 
fasteners lowered the strength an average of 154 kips. Factors of safety ranged 
from 2.26 to 2.79 in these four tests. 
At the time the Group 2 tests were being conducted, a bolt manufac-
turer arranged for two tests(27) of double-plane I-sections similar to those 
tested for this report but fastened with special high strength bolts. The first 
test was of a member with seven fasteners in a line (Fig. 4a). Failure occurred 
at the net section at a load of 815 kips. Then a member was tested with only 
five fasteners in a line (as had been done for the C specimens of this program). 
However, though the member had been prepared for ten fasteners, the excess length 
was not cut off (Figs. 4d and 14c). When failure at the net section occurred, 
the load was 796 kips, only a little less than was reached with s~ven fasteners 
in line in the same series of tests. Figure 14d shows that buckling of the out-
standing leg of the angle occurred beyond the last bolt although the members 
failed at the net section. It is also interesting to note that the web yielded 
even beyond the last gusset-angle fastener, indicating that the web was at least 
partly effective in that region. 
Some factor (or factors) must have played a large part in the ultimate 
loads carried by these various I-section specimens, all of which failed at the 
net section, in order for loads to range from 706 kips to 902 kips. At first 
glance it might appear that higher bearing pressures may have been the principal 
factor, with higher bearing pressures producing lower loads. But, the loads 
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supported by eM-I-DB with a total of 24 bolts was slightly greater than the load 
carried by CM=2-DB with 28 bolts at either endo Similarly, the specimen of Fig. 
14c and 14d had only 20 bolts at each end but carried nearly as much load as the 
similar member having 28 boltso Research(3I y33) on smaller flat-plate joints 
has shown that a ratio of bearing stress to tensile stress of as much as 2.25 
does not affect the strength of a jointo Another investigation(lO) suggests 
that a ratio of more than 2eO will reduce somewhaty the strength of a jointo 
Only three members among these I-sections had a Tension~Bearing (T:B) ratio 
greater than 2000 One of these J with T~B of 2038 but having the extra web 
length,was almost as strong as a joint having a TgB ratio of 10700 For these 
reasons J it appears that the high bearing pressures do not account for the low 
strengths of some of the I-section net section failureso 
The factor which appeared best to explain the behavior in these 1-
section failures is the matter of shear-lag, or web-effectivenesso This phenom-
enon is of particular importance in aircraft design and considerable wor~;4)bbth 
analytical and experimental, has been performed on cross sections typical of 
aircraft structureso Most of these studies have considered members or panels 
subjected to bending rather than to axial loads and having thin webs with 
reinforced corners and longitudinal stringers 0 Analyses for even simple config-
urations and loadings can be quite complex and much of the analytical work has 
been done by mathematicians rather than by engineerso An investigation(35) has 
been made of the shear-lag in wide-flange beams subjected to bendingo Another 
study(36) covered a number of loading cases typical of aircraft structures, 
including a panel with small flanges or edge stiffeners loaded in tension by two 
equal forces applied at the end of the flangeso This cross section is similar 
to an I-beam and the analysis is helpful in understanding the behavior of webs 
of tension members but does not consider adequately the shear-lag within a 
structural joint.. Insofar as is known; no study has been made of shear-lag in 
the plastic range nor near ultimate loadso 
For a panel such as that sketched: 
y 
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End Side 
Hildebrand(36) gives this solution for the elastic range: 
ttA long panel of width 2w is clamped along one end 
(x = 00) and is loaded at the end x = 0 by axial forces F 
acting on flanges of equal cross-sectional area A attached 
to the edges (y = ± w) of the sheet 0 The stress function 
is determined in the form 
H = !. f l 
t l':I + iL+ n nw ~Enw 2 ),00 cos A. sin A. iL _!Q A. ~} I W t--J A. (1 + a cos~ A. J e n=l n n 
where a represents the ratio of the flange and sheet area.s :a.nd is 
given as 
A 
a = tw 
and the parameters A. are the positive solutions of the 
n 
equation 
tan A. + a: A. = 0 
n n 
dH The expressions for the spanwise normal stress Ox = dY and 
oH the shear stress T = - dX follow in the form 
° = x { ;,
00 cos A. cos A. z. _!Q A. ~ } .. ' FIn n w JE n w 
- +2 e 
tw a + I L-J 1 + a: cos 2 A. 
n=l "'U 
where: 
't" = 2 /Q..!. f cos "-n sin"-n ~ e-A A.n ~ 
V E tw L 1 + 0: cos 2 A 
n=l n 
F = concentrated force (external) 
t = sheet thickness 
w = one-half of width of member 
G = shear modulus 
E Young's modulus 
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When these equations are plotted (Fig. 44) it will be seen that the 
shear-lag had its greatest effect at the ends of that member, that the magnitude 
of the effect decreases rapidly away from the end of the member, and that the 
effects are negligible at a distance from the applied load of two and one-half to 
three times the half-width, 'Wo This helps to explain the evidence of the very 
little shear-lag noted in the webs at the mid-length of the somewhat similar 
members in these tests: mid-length was a distance from the first-row fasteners 
about equal to the total width and about twice the total width from the end of 
the member .. 
Reference 36 shows that, for a member proportioned approximately as 
were the C and CM specimens but with the entire load applied at the ends of the 
flanges rather than through a length of joint, the flange stress should be about 
20 per cent greater than the stress at the center of the web at a distance away 
from the free end equal to the total member width. However, calculations show 
that the flange strains at the net section of all of the built-up I-sections 
must have been, on the average, about twice the strains at the center of the web 
at that location. Calculations based on data reported in Ref. 24 show approxi-
mately the same ratio between calculated flange strains and those in the center 
of the web at the net section. Considering the plot of Hildebrand's stress 
formulas (Fig~ 44), it appears that his idealized solution may be a reasonable 
approximation for hanger-type connections (C and CM type specimens of balanced 
design) provided w is taken as the full width of the member rather than as the 
half-width shown in his derivation. 
Obviously, expressions such as those above are too complex for design 
use. Furthermore, the nature of loading for an I-section or a wide flange 
member through rivets or bolts along the flanges rather than at the ends as 
shown above would present an even more complicated stress function. This is 
particularly true since the load transfer to the fasteners is somewhat parabo~ic 
(high at both end fasteners) rather than uniform, especially at working loads~ 
Additional difficulties of analysis appear if consideration is given simul-
taneously to the shear-lag which develops across the flanges. 
The effect of shear-lag on the stress at ,the critical section should 
not be overlooked, particularly in members subjected to a large range of tensile 
stresses under repeated design loads. For example, floor beam hangers can be 
expected to have nominal stresses at the first row caused by shear-lag which are 
greater than those specified for design under repeated loads, even when bending 
stresses have been considered. It is interesting to note that of ninety-one 
fatigue failures cited in floor beam hangers in Table I of Ref. 37, eighty of 
them occurred in members composed of angles and a web plate, which members would 
be more subject to the effects of shear-lag than are angles, or are channel mem~ 
bers connected to the gusset plates through their webs. 
The matter of shear-lag must have been considered by Greiner(2) in his 
recommendation in 1897: 
noG.the full net area of web plates can be taken with 
the flange angles as available section, provided the area of 
web plates does not exceed one-half the area of the four -
angles and the 'Width of the plate in the clear of the flange 
angles does not exceed the width covered by the legs of the 
flange angles .. n 
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However, it is probable that he was not so greatly concerned with fatigue life 
as with ultimate strength} when this statement was made. 
Tests(24) on rolled I-sections did evaluate the web effectiveness for 
three members alike in all respects but for the manner of fastening. These 
tests indicated that the webs were about 80 per cent effective at working 
stresses} were perhaps 100 per cent effective at twice working loads} and then 
at failure were about 80 per cent effective. The length of joint (first row to 
end of member) was 17 1/4 in .. or 0 .. 96 times the full depth of the member. 
The web effectiveness at failure for the various C specimens may be 
obtained by consideration of the failure loads for the angles alone as compared 
with the loads of the built-up I-sections. The 5 x 3 x 3/8 angles with identi-
cal fastener patterns (and drilled holes) from the Group 1 tests gave an average 
load of 499 kips.. Tests in this series, the drilled SB members, averaged 520 
kips. Thus, we might estimate the four angles of the drilled built-up I-sections 
would develop 510 kips before rupture.. The angles had an AREA net area of 8 .. 62 
sq .. in .. and the webs had 7 .. 00 sq .. in .. net areao The web strength for the various 
members would average about 63. 7 ksi if fully developed (or about 445 kips).. We 
would then have the following: 
Specimen 
C-I-DB 
C-2-DB 
CM-l-DB 
CM-2-DB 
* CD-l 
* CD-2 
Total 
Load, 
kips 
106 
122 
810 
866 
812 
902 
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ESTIMATED WEB EFFECTIVENESS, I-SECTIONS 
Estimated Estimated Ratio of' the 
Web Load, Web Efficiency Length of Connection 
-to the 
kips % Width of' Member i 
196 44 .. 90 
212 48 .90 
360 81 1.20 
356 80 1.20 
362 81 1.15 
392 88 .. 1 .. 15 
When we plot the data from the last two columns (Fig. 45) we find that 
despite a limited number of' tests we can sketch in a line that sives an indica-
tion of the behavior of the connections. The data for this comparison is rather 
limited; however, the following point is obvious: the webs of I-sections loaded 
through the flanges vary in effectiveness with the ratio of length connection to 
the width between the gusset plates. The trend of this curve suggests that if' 
the above ratio is greater than unity, the web efficiency (based on net section) 
will be greater than 65 per cent. When the ratio of connection length to width 
between gusset plates is less than unity, this effectiveness at ultimate load is 
reduced considerably and quite rapidly .. 
The greater strength obtained for the longer connections is clearly 
indicated by a1:comparison of the strength of the short C-type members of this 
program with the strength of the extended or long web member of ' Ref. 27, both 
having 5 bolts in line.. However, it appears that 100 per cent web effectiveness 
* From Rei'" 3" 
at the net section is not possible at ultimate loads and that some limit should 
be placed upon the maximum effectiveness of this section. A number of investi-
gators(3,9,10) have suggested upper limits on net section effectiveness of any 
connection of from 15 to 88 per cent~ An additional factor would appear 
necessary in dealing with I-section members. 
The longer connections provide for a more gradual transfer of load 
from the web to the flanges (or flange-angles) and, at the same time, provides 
a greater web participation and more uniform distribution of strains in the 
members at the first row of fastenerso It was noted that strain measurements on 
the webs of the members showed lower average strains for short joints at working 
load than were recorded for the long joints. More uniform strains at the net 
section provide a higher total load on the member before limiting strains at 
some point are reached and failure beginso 
The strains at the end in the web of CM-I-DB shown in Figs. 31 and 32 
are indicative of the fact that the web is stresse beyond the last gusset-
flange fastener even for the very short extension shown~ At working loads the 
stress in the web of CM-I-DB was about 3000 psi opposite the last line of 
fasteners and this stress increased to approximately three times as great at 
twice the design load. 
The relatively flat strain contours at the ends of these members (Figs. 
31 and 32) suggest, too, that a forked end or cut-out at the free end of the web 
could prove detrimental to the ultimate net section strength and might also 
cause somewhat greater inequality in stress distribution across the critical 
section than would normally exist at working loads. 
Further evidence of the effectiveness of the web material beyond the 
gusset connection is found in Figs. 14c and 14do Here the web was stressed into 
the yield range as much as 6 in. beyond the last bolto The tension in the web 
beyond the joint was transferred to the angles by the stitch rivets. Thus, the 
stress in the angles at the free end was compressive for equilibrium and was 
great enough to cause a local buckling of the outstanding legs of the angles. 
The net area of the web, 7.00 sq. in., is such that tension yielding in the web 
at the last gusset fastener produced compressive yielding in the outstanding 
legs of the angles. An analysis of the buckling capacity(50,51 ) verifies that 
the stresses in the outstanding legs would have to reach the compressive yield 
before buckling of the nature shown in Fig. 14d would occur. ~e may then surmise 
that the web of Specimen No. 2 of Ref. 27 must have had a load of approximately 
200 kips beyond the last gusset fastener just before failure occurred. 
If a long connection is used to improve the strain distribution in the 
web, and if we wish to utilize more fully the shear strength of the fasteners 
such as the A-325 bolts, a conflict of effort arises. DaVis, Woodruff, and 
Davis(9) and others(l) have shown that in a long joint, increasing the pitch of 
the fasteners or increasing the number of fasteners in a line can both be detri-
mental to the joint shear strength. The use of a line of smaller fasteners at 
close spacing, however, would probably not be as economical to fabricate or 
erect as would be the use of a fewer number of large fasteners at a greater 
pitch than normally used at present, thereby producing a longer joint~ 
It would appear that the web effectiveness and the effect of web con-
nection length in the joint are areas in need of further testing and theoretical 
analysis, both at working stresses and at ultimate load. 
12. Discussion of Gusset Failures 
If we compare the AREA net section areas of the various members 
(Col. 5, Table 1) with the AREA net sections of the gusset plates (Col. 8, 
Table 1) there would appear to be little doubt that failures would occur in the 
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members, rather than in the gussets. The excess in gusset areas was 18 per cent 
or more. However, study of Table 7 will show that having extra area did not 
preclude gusset plate failures -- ten occurred, and three others were avoided by 
substituting thicker gusset plates. 
At the present time, along with a minimum thickness requirement, 
specifications in use in the United States provide that tf ••• gusset plates shall 
be of ample thickness to resist shear, direct stress, and flexure, acting on the 
weakest or critical section of maximum stress. n (5) Customarily, the designer 
treats the gusset as a simple beam to check the flexural stresses, although it 
is known that conventional beam formulas may be considered valid only for beams 
whose span is more than twice the depth and in which the cross section under 
investigation is not closer to concentrated loads than about half the depth. (38) 
Ordinary gusset plates rarely meet these requirements, so that the results ob-
tained from the application of beam formulas are of questionable value and may 
be misleading. (39) 
Included in the specifications(4,5,6) in this country are clauses on 
maximum edge distance for rivets. Although not specifically stated in the 
specifications, it appears that the following clauses are meant to be appl,ied 
only to members composed of plates and shapes and are not applied rigidly to 
gusset plates: 
Ref. 4, Sec .. A 49: "The distance from the free edge of an 
outside plate or shape to the first line of rivets shall 
not exceed I 1/2 + 4t, nor 6 in .. n 
Refo 5, Sec. 1.6.24: IlThe maximum distance from any edge 
shall be eight times the thickness of the thinnest outside 
plate, but shall not exceed 5 in,,1t 
Ref. 6, Sec .. 23q: ltThe maximum distance from the center of 
any rivet to the near edge shall be twelve time the 
thickness of the plate but shall not exceed 6 in. If 
Very little experimental or analytical work has been performed on 
gusset plates, particularly at loads beyond the elastic range.. One of the early 
studies of large gusset plates was by Wyss ( 40) who made measurements on three 
different types of gussets.. His work included analytical studies of stresses 
along with measurements of member rotations, deflections and sec~ndary moments, 
and he presented information on stress fields in certain gussets. 
In 1940, gusset plates were discussed in some detail by T" H.. Rust (41) 
who pointed out: 
" .... the gusset should be of no greater area than 
necessary. Gusset plates with comparatively large unriveted 
areas increase the discontinuity which the joint represents 
.... The rivets should be of no greater spacing in a member 
connection than good design permits because the variation in 
stress from one rivet to the other will be less for the 
smaller spacingoooThe cross-sectional area of the member 
where the member connects to it should tend to approach the 
area of the member at that point and should not be (as is 
often the case) of much greater areaoooThe connections to the 
plate should be made wide, with as many lines of rivets ••• as 
possible ........ 
It seems that it would be desirable in almost every 
instance to splice all members outside of the gusset connec-
tion and thereby avoid superimposing the discontinuity [in 
stress patterns] of the splice upon that of the gusset. 1f 
In Ref. 25 may be found the results of strain measurements on double-
plane gussets for a hanger. The authors observed that stress at the middle of 
a wide gusset may be twice that computed by linear stress distribution, because 
of shear deformation in the plates. They pointed out that uoo.it is thus evi-
dent that present design procedures for gussets are unsatisfactory in important 
respects" It 
· (42 43 44) Three studies " have been made recently on stress dist:tibu ... 
tions in bridge gussets.. Models of panel points, constructed of aluminum, 
bakelite, or masonite, were loaded to obtain strain distributions on the gussets. 
In presenting the results of their tests, the authors acknowledged that they 
were dealing with only one facet of the entire problem of the design of gusset 
platese They joined with others in pointing out the need for a careful analysis 
of the entire area of stresses in gusset plates.. Whi tmore( 42) suggested that an 
effective width of gusset could be obtained by constructing lines n ..... making 
angles of 300 with the axis of the member which originate at the outside rivets 
in the first row and continue until they intersect a line perpendicular to the 
member through the bottom [last] row of rivets; the effective length is the 
intercept on this line between the two inclined lines .. u Irvan(43) and Hardin(44) 
observed that better agreement with their measured stresses could be had if the 
lines at 300 originated at the center of gravity of the rivet group, thereby 
yielding a maximum. stress in the gusset .. 
Insofar as is known, all previous studies on gusset plates have been 
limited to the elastic range. Therefore, the ten gusset failures in this series 
of tests, although not the original intent, are useful in their uniqueness.. The 
ten failures may be divided into two types: (1) those whose failure was across 
the gusset net section; (2) and those which also included Usplittinglt or te~ing 
down one line of fasteners .. 
A. Gusset Net Section Failures" The dismantling of various members 
indicated that possibly all gusset failures began as a tearing at the net sec-
tion (Fig .. 6c).. Thus, _even the splitting failures might be considered initially 
in the first or net section failure group. Table 7 indicates the nominal 
stresses and the actual factors of safety (against gusset failure) which 
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occurred. Stresses ranged from a low of 3309 ksi to as much as 55.3 kSi, and 
the factors of sa~ety varied from 1&69 to 2~77. 
It is of interest to compare the relative strengths of the punched and 
drilled SA gussets although they did not exhibit the same type ofc failures.. The 
four punched members failed by splitting at an average load of 381 kips while 
the drilled gusset tore at 504 kips. This is a ratio of 95 per cent and the 
Sffine as the ratio noted earlier for the 5 x 3 x 3/8 angles of this and the pre-
vious group of tests. When punched gussets and drilled gussets of the SE speci-
mens failed by tea:rJing, a marked difference in ultimate loads was noted.. Two 
punched gussets averaged 579 kips while the drilled gussets supported 775 kips 
before r,upture. This ratio, punched to drilled, of 74.7 per cent is considerably 
lower than that noted earlier for the SA gussets. 
It appears that the lower ductility of the punched members causes a 
limiting or ultimate strain to be reached near the holes enough sooner tha~, in 
wide plates, the more distant material cannot be as effectively developed as in 
the drilled plates. It is found that such large differences between punched and 
drilled members had been noted in earlier tests. GOdfrey( 45), for example, 
indicated that punching could reduce strength 10 to 30 per cent.. Possibly, a 
greater differential in allowable stresses should be specified for wide plates 
with punched holes and large edge qistances than for members having smaller 
gages and edge distances 0 
The failure loads for SE-2-DR and SE-2-DB suggest that no difference 
exists in the tensile strength in the gussets of like riveted or bolted members. 
A similar conclusion is reached upon consideration of the SA specimens. 
If we eXffinine the various torn gussets to determine an effective or 
equivalent net width, we might compute an effective width by dividing the 
ultimate loads by the coupon strengths of the gusset plate stock.. This has been 
done in Col~ 6 of Table 8~ 
Since it would appear that any calculation for effective net width of 
the gussets should consider the total width of the joint in addition to its 
length, the method proposed by whitmore(42) has been used except th~t the angle 
has been computed for each test specimen which failed in the gusset.. Thus, the 
effective gross width of the gussets can be expressed as~ 
where: 
EGW = W + 2L tan eo .. 0 0 g 
EGW = effective gross width of gusset plate (not to exceed 
g the actual gross width) .. 
W = width between gage lines of outside lines of holes in 
the joint" 
L length of joint between first and last rows 0: 
fasteners" 
e = angle between axis of member and a line which 
originates at the outside first-row hole and continues 
to a line through the last-row holes and perpendicular 
to the member axiS, thereby determining the effective 
gross width .. 
(1) 
Then, effective net width could be determined by subtracting the holes and adding 
the effects of any stagger as provided by speCifications(4,5,6) .. 
The results of such computations are shown in Colo 9 of Table 8, where 
tan e is listed for each membero Because of the limited data, only averages of 
tan e for the drilled members and for the punched members have been taken. 
There does seem to be a substantial difference between these two groups.. In 
this way a value of e equal to 220 is obtained for the punched members and 25.50 
for the drilled membersG 
Winter, in Refo 46, obtained an empirical expression for the tearing 
of small bolted joints with light gage steel. Since the ratio of thickness to 
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width of those plates is similar to the same ratio for structural gusset plates, 
a check was made to see whether his expressions for net section failure could be 
applied to gusset plates. However, the results did not appear to be as consist-
ent as those obtained by use of Eqo 1 above" 
Present gusset plate design is acknowledged to be inaccurate. (25,39) 
Equation 1 is empirical and based on limited data~ But, even with this large 
deficiency it is thought that such an expression would be safer than the use of 
the entire width of the gusset for effective gross width and might be used to 
supplement present methods of computation until suitable analytical and experi-
mental studies have been completed" Its use would give an effective gross width 
less than that proposed by Whitmore # (42) The application of this expression in 
design or for checking designs would be quite simple since for gussets of the 
nature employed in these tests we can reduce the calculation of gross width to 
the following: 
For drilled gussets: 
For punched gussets: 
EGW = W + O,,954L g 
EGW = W + o,,806L g 
(2) 
( 3) 
using the symbols defined earliero Net widths could then be computed in the 
usual way prescribed by the specifications 0 For gussets which are not symmetri-
cal, such as chord gussets, we might write, 
For drilled gussets: 
For punched gussets: 
EGW = W + o.477L + e 00000 g 
EGW = W + 0" 40 3L + e g 
(2a) 
( 3a) 
where e is the distance from the outer line of rivets to edge of the plate and 
is equal to or less than the product O.,477L or O,,403LJ respectively .. 
Bo Splitting Failures" The analysis above has encompassed both 
tearing and splitting failures because both types seemed to start initially as 
tears~ With normal fastener pitch then, Eqso (2) and (3) or (2a) and (3a) 
should predict reasonably well the ultimate strength of gussets.. However, in a 
large number of cases, at the time of fracture (and near ultimate or after the 
ultimate load was reached), the joints split along one line of fasteners. 
Typical failures were shown in Fig. 7. Generally a pitch of three diameters has 
been specified as the minimum hole spacing in the direction of loading for ASTM 
A-7 steelG Prescribed minimum end or edge distances very, depending on the man-
ner of hole preparation or the e~ge treatment for the connected parts. However, 
the splitting failures occurred in gussets having a pitch of 3 1/3 times the 
fastener diameter and end-distances of 2 2/3 the fastener diameter, well above 
the usually specified minimums. 
When a tear started near the center of the gusset plate and progressed 
to the outside edge of the outer holes in the last row, two possible fracture 
paths were available: across the width of the gusset plate to an edge; or, 
along the line of holes at the outside edge of the jointo The probability of 
final failure occurring along one path or the other seems to be dependent on at 
least two factors: the relative areas of the two fracture paths and, possibly, 
the method of hole preparation 0 
If we consider the geometry of the gusset plates which failed we find: 
Specimen Net Transverse Length from Net Length of Gusset Ratio, 
Type Center of Outer Hole to from Center of Col .. 3 to 
Edge of Gusset, Last Hole Along Line Colo 2 
of Fasteners to Free Edge 
ina in .. 
SA 1206 ll .. 3 0 .. 90 
SE 1109 16,,6 1040 
A 13,,6 lla3 0 .. 83 
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Referring to Table 7 we see that of the SA specimens, only punched specimens 
split or sheared along the line of fasteners while a drilled specimen tore. 
These splits in punched members developed when the gusset net shear area was 
0.90 of the net tensile area as shown in the table. When the ratio of shear to 
tensile gusset areas was much greater, as in the SE specimens, neither punched 
nor drilled gussets splito The only drilled gusset (on an A specimen) which 
split after tearing began had a ratio of 0.83 for the shear to tensile areas, 
as tabulated above. 
It can be shown that if gusset plates are proportioned in accordance 
with Eqse (2) and (3) the edge distances will always be less than the shear 
section along the fasteners, provided a pitch of more than two diameters is used. 
From a consideration of these few nsplittingtl failures we may then 
surmise that drilled gussets are less susceptible to splitting failures and that 
a large ratio of length along the joint to edge distance will cause the gusset 
failure to continue as a tear. The very limited tests above certainly do not 
permit the setting of definite limits on the geometry of the gusset plates. 
Only those specimens which actually split or tore in the gussets can be used in 
a realistic comparison of susceptibility to shear failureso 
Because these splitting failures all began as tears in the gussets, it 
appears that adequate design against tensile failure of the gussets coupled with 
at least the currently specified minimum fastener pitch will be satisfactory. 
The shear strength of structural steel is often given as approximately 
three-fourths the tensile strengtho This would possibly suggest a critical 
ratio of shear area to tensile area of about 1.33~ We have seen that for a 
gusset plate the tensile area at the net section is far from being uniformly 
loaded and, it is quite likely that the shear loads on the various fasteners are 
also unequal. But, near ultimate, the effect of this latter inequality is 
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possibly less than that of the inequality of tensile stress in the gusset. 
Because of this, it seems reasonable that an area ratio somewhat less than 1.33, 
will still provide safety against splitting after tensile failure begins. From 
inspection of the failure paths it is apparent that a complex stress condition 
exists along the split, and that both shear and tension may be involved. 
13~ Discussion of Shear Failures 
A. Rivet Failures. In the present series of tests three members 
(Types SA and SE), all single-plane, failed through rivet shear. All three 
members had 3/4-in. diameter rivets and the holes were prepared by drilling. 
Typical failures are shovrn. in Figs.. 6a and lOa. In Table 7 the nominal average 
shear stress for these failures is given as approximately 40.9 ksi in double 
shear. Both the SA specimens and the SE specimens had somewhat lower stresses 
on the rivets at working load than are currently specified. Ratios of tension 
to shear stresses (T;S) were 1.0:0.70 and 100:0.68, respectively, as compared to 
the allowable of 1.0:0.75. 
The specimens tested in the first group of tests(3) had a number of 
shear failures also, even where low tension:shear ratios were used. In that 
study, the 3/4-in. rivets failed at nominal stresses as low as 38.5 and 38.9 
ksi in A-type joints (T:S of 1.0:0.65), and as high as 42.9 and 46.0 ksi in E-
type joints (T:S of 1.0:0.68) similar to those of the SE specimens of this 
study (except that the loading on the rivets was single shear, not double shear 
as was the case for the SE members). Since the rivet stock for the Group 1(3) 
and for the present or Group 2 tests was not of the same heat, although provided 
to the same specification (ASTM A-141), no quantitative comparisons are 
justified .. 
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Nominal stresses in all cases of rivet failure were smaller than 
expected, based on pilot tests and on shear strengths reported by others(47,48) • 
Short grips produce higher strengths(48) than do long grips. Therefore, we 
might have expected shear strengths of 45.0 ksi or more for the rivets in these 
specimens. The reason for low nominal stresses at failure may have been due to 
unequal rivet deformations along the long joints, thereby causing the end rivets 
to fail before the center rivets are loaded near their maximum capacity. In the 
earlier phase of this study(3), jOints were sectioned along the lines of rivets 
and the shear deformations measuredo These deformations indicated that the end 
fasteners deformed most and that the deformations decreased toward the center of 
the joint. In that study it was noted also that the rivets in punched specimens 
were always deformed less than similar rivets in like drilled members. 
One further point concerning rivet shear is worth noting: the unit 
shear stresses at failure for all of the single-plane specimens of the Group 2 
tests were only about 92 per cent of the shear stresses for the double-plane 
members of the Group 1 study that had a similar joint pattern. The single-plane 
members had shear surfaces separated by only 1/2 in. or 2/3 of the nominal 
fastener diameter, while the double-plane members had a single shear plane. 
However, this small loss in rivet shear strength when loaded in double shear has 
been noted by other investigators.(48) 
Bo Bolt Failures. Five members sheared high tensile bolts; however, 
only tr~ee members had bolt shear as the final mode of failure~ In Table 7 the 
nominal fastener stresses at failure are shown. Members SE-2-DB and A~l-DB 
failed in the gussets but also sheared some bolts. The SE specimen (T:S of 
1.0:0.68) fastener fractured at a nominal shear stress of 44.0 ksi as the rup-
ture in the gusset developed. This failure is shown in Fig9 lOco 
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The A-I-DB specimen sheared the first bolt at a nominal stress of 39.5 
ksi and other fasteners broke off (Fig.. 11) as loading continued. Failure 
occurred in the gusset at a shear stress (based on the nominal diameter of all 
of the original bolts) of 41 .. 4 ksi.. The T:S ratio was 1.0:0.65. 
The three members which had complete joint failure by bolt shear were 
A-2-DB, AM-I-DB, and AM-2-DB. These members had T:S ratios of 1.0:0 .. 85, 
1.0:0 .. 88, and 100:0.88, respectively. The nominal shear stresses at ultimate 
were 58.9, 53.8, and 55.9 ksi but the first bolts sheared at 55.1, 50.9, and 
55 .. 1 ksi .. 
Certainly, one of the factors which affected the shear failures of the 
box-section members was the member geometry. A check of the distribution of area 
to the lines of bolts indicates that the outer lines of bolts each connected 
3 .. 47 sq .. in .. net area (using AREA areas) or 17 .. 1 per cent each. The three inner 
lines then connected 1.06 sq. in. each, or 5.5 per cent. 
The table below presents information which is of use in studying the 
shear failures of the box-sections: 
AREA DISTRIBUTION AND SHEAR STRESSES FOR A ¢ AM SPECIMENS 
Proportion Proportion of Total Fasteners in Each Line,% 
of Net Area 
Carriedz ~ A-I-DB A-2-DB AM-I-DB A-2-DB 
Outer 
Line of Fasteners 17.1 10.0 16 .. 7 13.5 13 .. 5 
Intermediate 
Line of Fasteners 5.5 10 .. 0 5 .. 6 7 .. 7 7.7 
Center 
Line of Fasteners 5.5 10 .. 0 5.6 7 .. 7 7 .. 7 
Ultimate Load, kips 1280 1405 1235 1287 
Total Number of Fasteners, One End 79 54 52 52 
Shear Stress at Failure of First 
Fastener, kips 39 .. 5 55.1 50·9 55 .. 1 
Ultimate Nominal Shear Stress, ksi (41 .. 4) 58 .. 9 53 .. 8 55·9 
Gusset Thickness, in. 1/2 3/4 1/2 3/4 
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We can see that equal distribution of the fasteners to all lines in Specimen 
A-I-DB with no regard for the connected areas probably contributed to the low 
shear strength of the end fasteners which failed. Despite the initial bolt 
failures the fi' ,failure was in the gusset plate. Use of about 75 per cent as 
many fasteners and a better distribution in AM-I-DB produced a shear failure. 
Heavier gusset plates for AM-2-DB with the same fastener distribution as for 
AM-I-DB seemed to produce a small increase in the ultimate shear stress. Use of 
a bolt pattern with almost the same distribution for fasteners as for contribut-
ing areas, gave the highest load. 
The C and CM specimens, on the other hand withstood nominal shear 
stresses of as much as 60.4 ksi and no bolt failures were noted. Tension: Shear 
ratios as high as 1.0:1.28 were used in these I-sections but because of the 
reduced web effectiveness no shear failures were obtained. Specimen CM~l-DB had 
a web effectiveness of more than 80 per cent however, and at a T:S ratio of 
1:1.10 no failures developed in the bolts. Thus, it appears that joint geometry 
has a considerabl~ effect on the fastener shear strength. 
Some investigators(3Q) have developed shear strengths as high as 80 to 
93 ksi based on the nominal diameters of A-325 bolts. Most of these results 
have been double shear tests on Single bolts, which had up to 14 per cent more 
strength in tension than the minimum required. Shear tests on the 7/8-in. bolts 
of the present program gave 80.2 ksi as a nominal shear strength for failure 
through the threads, but these bolts appeared to be as much as 34 per cent 
stronger than the minimum specified. Tests(52) have indicated that shear 
through the threads may produce a substantially lower strength than shear 
through the full bolt shanks. Other investigators(16) have reported that bolts 
of 3/4 in. diameter in small rectangular (3 lines by 4 rows) jOints, having a 
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T:S ratio of 1:1 failed in shear at a nominal stress averaging 61.3 ksi. The 
3/4-ino bolts used in the present test program gave shear strengths of 63.3 to 
66.8 ksi on the nominal diameter when failure was through the threads. The 
strengths were 5807 to 66 0 6 per cent of the tensile strengtho From a study of 
these tests and of Refso 14, 15, 16, 29, 30, 48, and 52, it appears that single 
bolts tested in shear will provide on the average 70 per cent or more of the 
tensile strength if failure is through the full shankj but only about 64 per 
cent or less when failure is through the threads. 
Shear through the threads of high strength bolts becomes important 
only if loads above the design level are considered since, when installed 
according to specification(28), load transfer is by friction rather than bearing 
or shearQ However, for ultimate strength design the possibility of shear 
through the threads is realo All of the bolts used in the members of this pro-
gram had threads at a shear plane 0 A number of the bolts used in the Mackinac 
Bridge(53) were apparently of such grip and thread lengths that shear planes 
would pass through the threads. In the case of several plies of varying thick-
nesses a designer might select a bolt which would put the shear planes in the 
full shank only to find that the erectors installed the bolts end-for-end, and 
thus a plane of shear might then pass through the bolt threads. 
For these reasons, any consideration of shear strength of the A-325 
bolts ought to be based on the thread shear strength. If the tensile strength 
is taken as 115 ksi on the stress area (specified for 7/8-ino and l-ino bolts by 
ASTM A-325) we may determine approximately a minimum shear stress of 064 x 115 
or 7308 ksi on the stress areao On the nominal or full shank area this is 
approximately 57 ksi for the 7/8-ino and l=ino bolts 0 Taking 60 ksi as the 
specified minimum tensile strength for A=7 steel we find that f1balancedlt design 
would result when a T:S ratio of 100:0095 is used. A similar comparison with 
A-325 bolts of 5/8-ino and 3/4-in. diameters shows that "balanced designtr 
requires approximately the same T:S ratio, based on possible failure through 
the threads 0 
It was noted above that shear failure through the shank occurred at 
loads about 10 per cent greater than for thread failures. This would suggest 
that a T:S ratio of 100:1005 would be approximately balanced design for failure 
through the shank. This is almost in agreement with the value of 1.0:1.10 sug-
gested in Ref" 14 and within the rang~of 1,,0:100 to 100:1025 suggested for 
balanced design in Refo 290 
In summary, for A-325 bolts and A-7 steel, the ratio of tension to 
shear of 100:0075 now used is conservative for any bolted joint of normal 
pattern and a T:S of 100:0095 appears justified when fatigue is not of concerno 
However, any change in T:S ratio should be accompanied by a change in minimum 
edge distance(29)0 
Co Factors Affecting Shear Strength. Since a number of the factors 
which affect the ultimate shear strength of a joint have not been mentioned in 
the discussion above, a brief review of the more important ones will be 
presented .. 
The specifications(4,5,6) most commonly used in this country all 
permit a design based on equ~ partition of the load to the fasteners in a joint, 
and then specify the use of unit stresses determined or calculated empirically 
on the basis of such an equal load partition. A number of investigators have 
presented conclusions similar to those of Hill and Holt, who, in a discussion of 
Ref" 54, point out: 
"At the breaking load, each rivet carries an equal 
share of the load, provided the rivets are the same size and 
of the same material,," 
MOisseiff, Hartmann and Moore(55) state: 
UThe most significant conclusion to be derived from the 
results of these tests is that the behavior of all the large 
riveted and pin-connected joints was entirely consistent with 
the basic assumptions made in design.. Although inequalities 
in load distribution between multiple rivet rows were clearly 
indicated within the elastic range, this distribution 
apparently had no bearing upon static ultimate strengths, 
whether failures occurred by shear in the rivets or by ten-
sion in the plates.,1t 
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In some cases, such conclusions have been well supported by tests with many 
rivets in large joints which were arranged compactly and of considerably width 
but only three to five rows long. Based on an extensive series of both wide and 
long riveted joints tested in connection with the design and construction of the 
San Francisco-Oakland Bay Bridge, Davis, Woodruff, and Davis(9) in their 
Recommendations observe: 
tiThe practice of assuming equal shear per rivet, regard-
less of length of joint, is satisfactorYQ" 
But in reply to this statement, Jonathan Jones in his discussion(9) states: 
HIt is gratifying that these tests should have led to 
the authors' fifth conclusion [quoted above]o 0 o Their record 
shows that this may be said of all of the rivets in anyone 
joint. It is not so certain that it should be taken to mean 
that the same unit shear may be assumed for all of the 
rivets in a very long joint as for all of those in a very 
short one .. II 
That Jones' caution was appropriate is evident when it is noted that these 
investigators reported that the nominal shear strength of a joint with 18 rows 
of rivets was only 90 per cent of the nominal shear strength of a 6-row joint 
and they comment~ 
Uln general, at the ultimate load the greater the 
length of the joints the lower was the rivet strength, 
regardless of the method by which the length was varied. 
[That is, difference in pitch, rivet pattern, number of 
rivet rows, or over-all sizeo] However, the differences 
were not largeoo"H 
A number of premature rivet failures in those tests were pointed out and the 
authors explained~ 
"It may be concluded that the strain imposed on the end 
rivets at loads approaching the ultimate for the joint is 
greater for the larger joints, greater for the !longer [less 
compact] joints of a given nominal size, and greater for the 
more ductile steelort 
This loss of shear strength for long joints has been observed more 
often in recent yearso Reference 16 reports a test of a large joint having 
13 rows of high strength bolts (arranged in an unusual pattern) which failed in 
shear at a nominal shear stress of about 5306 ksio This value is probably 
three-fourths or less of the shear stress which could have been carried by a 
Single bolt of the type usedo 
Francis(56) presents test data on shear failure of aluminum joints 
which showed that long jOints suffered a loss in nominal shear strength of the 
fasteners from 1505 to 2306 per cent of the strength of a single riveto He 
indicated that probably this was caused by the inability of the end rivets to 
deform sufficiently 0 He presented evidence that at ultimate the end rivets 
often had as much as 1 1/2 to 2 1/2 times the load on the innermost rivet and 
that the end rivet carried 20 per cent more load than would be computed on the 
basis of uniform distributiono 
Similar observations on overloads taken by end rivets in steel joints 
may be made after a study of data included in Refo 90 Francis(56), Batho(19), 
and others(l,49), present test observations and calculations which indicate that, 
depending on the number of fasteners in a line, the end rivets may take 2 to 15 
times the load carried by the innermost rivet which may represent actual rivet 
loads of about 102 to 208 times that assumed in designo Batho(19) further 
points out; (1) that increasing the number of rivets in a line above five does 
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not materially reduce the load on the end rivet, (2) that unequal thicknesses 
of connected materials increase the load on the first rivet which connects the 
thinner material to the thicker material (with a compensating reduction in the 
load on the rivet at the opposite end of the joint), and (3) that the inter-
mediate rivets reflect small load changes with changes in the thicknesses. 
Elastic analysis is not completely suitable for the prediction of the load 
partition to rivets because of joint friction, the change in joint behavior and 
slip throughout the range of loading and the impossibility of obtaining an ideal 
joint commercially; it does, however, point up the error in assuming equal load 
partition. 
Among the conclusions of Arnolevic, who made an analytic study pub-
lished in 1909(1), are these: (1) The rivet pitch in the direction of the axis 
of loading shall be as small as possible.. (2) Fewer rivets of large diameter 
are more advantageous than more rivets of small diameter (which is restating an 
observation of C. de Laharpe in 1884(1))0 (3) More than five rivets in anyone 
line parallel to the axis of loading are useless .. 
The latter observation is in general agreement with a statement by 
Francis(56) based on work with aluminum~ 
U" ... in well-proportioned joints in any of the structural 
alloys [aluminum] considered, the loss in rivet efficiency 
[due to unequal load pa.rtition] is negligible if the number of 
rows does not exceed eight .. H 
No doubt statements such as these have prompted German specification writers to 
limit the number of rows which will be permitted in structural joints. 
Francis(56) gives in detail a method developed by Go Co Brock for 
computing the partition of load to various rivets of riveted joints loaded to 
the inelastic range 0 The deformation characteristics of both the plates and 
fasteners must be known for such calculations& 
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Wilson and Thomas discussed shear loads on fasteners in Appendix A, 
rtRelation Between Nominal and Actual Stresses in Rivets and Plates of a Riveted 
JOint,tf in Ref" 57: 
HAt the design load nearly all, in many cases all, of 
the resistance is due to the friction between the plates" 
If there are several rivets in a row in the direction of 
stress [i"eo, a line of rivets] and if friction between the 
plates is not great enough to resist the total force on the 
joint, the outer rivets take much more than their propor-
tionate share at design loadso At a load nearly equal to 
the ultimate, the resistance of the joint is due largely to 
the resistance of the rivets to shear, but, because of the 
considerable elongation of the plate after the yield point 
is passed, the outer rivets may actually fail before the 
inner rivets are loaded to their maximum capacity" Further, 
a shear failure is progressive across a section, and the 
unit shear varies through a wide range on a single transverse 
section,,1t 
It should be noted that the progressive failure may in reality be quite sudden--
so sudden, in fact, that the eye cannot detect the sequence of fastener failure. 
Most likely the first fastener fails after gradually reaching a large deforma-
tion. When it fails the load is very suddenly shifted to the next fastener which 
already has a part of the deformation necessary to cause failure. The shock or 
impact attending the load transfer, shears this fastener immediately and seem-
ingly the rest of the fasteners fail at the same time .. 
It was mentioned earlier that the Group 1 tests(3) of this study gave 
higher shear strengths for punched members. This phenomenon was noted almost a 
century ago (1864) by Maynard(l), who concluded: 
tJ consider (1) that plates are stronger drilled than 
punched by 19 per cent, (2) that rivets are weaker in 
drilled holes than they are in punched by 4 per cent, (3) 
that the difference is in favor of drilled work by 15 
per cent"lf 
Rig results were supported by tests reported in 1872 by Hayes, Jauriet, and 
Lamb(l).. Other writers have stated another factor important to shear strength: 
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the fasteners should be located in proportion to the areas they connect in the 
joint and this has been supported above" 
In summary, then, the relative strengths of the rivets and connected 
material in a joint designed according to current specifications may be influ-
enced in two ways -- by poor rivet arrangement and by the length of the joint. 
The solution to the first difficulty is obvious" The second problem may be 
handled in two ways" The first is to increase the rivet size, thus reducing the 
number of fasteners" The second way is to over-design the joint so that, at 
ultimate load, the rivets do not deform sufficiently to fail, thereby assuring 
tension failure" In doing this, wider and more compact joints rather than 
longer joints will be preferable" In Refo 48 it is stated: 
UTo insure failure in the plates it is advisable, 
therefore, to design joints so that the rivet group is 
stronger than the plates, even at the expense of seemingly 
uneconomical use of rivets"fl 
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IV 0 JOINT EFFICIENCIES 
14& Analysis of Joint Efficiencies 
Test efficiency, as used in this report, may be defined as the ratio 
(in per cent) of the ultimate test load to the product of the average coupon 
strength (at the critical section where failure is expected to occur) times the 
gross area of the specimen 0 The test efficiencies computed for all members 
-tested in the present program may be found in Table. 70 Where failure occurred 
at some point other than the net section, the test efficiency of Col. 3, Table 7 
is not an accurate index of the joint net-section strength 0 
Coupon data were not available fr.om the angle stock used in the SB 
specimens 0 Accordingly, the test efficiencies for these four specimens were 
estimated as follows: Coupons (2-i:o.o gage) were removed from the unfractured 
mid-length of each of these members a.fter they had been testedo The properties 
were determined in the usual maJmer (> Then simila.r 2-ino gage coupons were taken 
from the mid-length of several SD specim.ens which had been composed of 5 x 3 x 
3/8 angles alSOd The prestrained SD coupons were then compared with the un-
strained 8-in .. gage SD coupons., As was expeeted(58), the prestrainedSD coupons 
gave somew'hat higher ultimate strengths be.cause of the pre-loading and "agingU 
which had taken placeo This com.parison provided a reasona.ble adjustment for the 
prestrained SB coupon data, and the adjusted values are shown in Table 20 The 
results are in line nth the other coupon tests on 5 x '3 x 3/8 angle and are 
thought to be sufficiently close to permit calculation of' the specimen effi .... 
ciencieso Thus, the test efficiencies for the SB members in Table 7 are based 
on. the adjusted coupon strengths 0 
If we consider only those starred-angle specimens which had net sec-
tioD. failures, we find that the AREA method gives values>, on the average, 
Relative Gage(lO) drilled predictions are 1108 per 
cent high and the punched predictions average 600 per cent higho When considera-
tioD. is given to the test efficiencies for the built=up I-sectionmembers j we 
note tha.t agai,n the AREA method is not as m.uch in error as is the Relative Gage 
Method" The Group 1(') tests also indica.ted that the AREA method wa.s more 
satisfactory for analyzing the efficiencies of the truss-type membersa 
Primarily, the AREA method takes into account the net section area and effects 
of' fastener pattern only" No consideration is given to the length of the COD.-
nectiOll» the ductility of material or fasteDlers, or the method of' hole preparatiODo 
(10' Schutz 8lll.d Ne~ark' ,f concluded tha.t of' the number of factors which 
affect joint efficiency only four are of major importanceg fastener pattern or 
g/d, methodef hole m~ufacture$ ductility of the connected materials, and the 
ratio of bearing stress to tsmsile stresiBo Of these il the fastener pattern. was 
thought to be the most impol'tem.t" The :mext most important factor was the method 
of hole m.a.uufacture~ it was~oncluded that a, punched joint was 1308 per cent 
less effect! ve tha.lll a drilled joint 0 That the cOWl.sideratioD of duct.ili ty m.ay be 
unn.ecessary in joints of' conveDtl,oEal pattern and m.aterials was brought out by 
Mosseiff, Hartma.JlD j .a.n\d Moore( who statedg uVD1f'ferences in elongations, 
modu.li of elasticity» and ratios of' yield to ultimate strength 0 0 o appeared to 
have no bearing upon the strengths of the joints 0 UI ',rhe small effect of 1"1 ve."t 
bearing pressure on the of typical connections is discussed in 
Section 110 ThusjJ in comm.ou struc·tural steels the last two factors are of 
negligible effecto 
Another conclusion of the study Schutz and Newmark was that the 
efficiency an acrtual joint exceeds 90 per cent and that an upper limit 
specifj,cations <> A figure of 8705 per cent was 
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Thes~ same pOints have been discussed by a number of otherso Davis, 
, ' 
Woodruff' and Davis (9) considered the effect of joint pattern and suggested that 
efficiencies of more than 75 per cent eould not be attained consistentlyo 
Wilson (9) suggested an upper lim! t of 85 per cent" Lothars ( 59) stated, HEYen 
though present methods of establishing net sections in riveted joints ma.yindi-
cate a theoretical efficiency above 80 per cent&' the la.tter is about the best 
tha.t can be achieved in practi~eo fU 
The conclusions presented above were based on tests of flat .... plate 
joints 0 In the consideration of efficiencies for truss~type members several 
other factors arise~ the shear=lag (e.s related to the effectiveness of the 
area not connected directly to the gussets~ the length of the connection, and 
the eccentricity of these areas)] the rigidity of the jOint and the location of 
any lug angleso 
Although fastener pattern is important for truss-type joints, a 
reasonably close approximation of the efficiency of' ma.:my of' these joints m.ay 'be 
obtained if the efficiency is taken as the ratio of' the net area to the gross 
areao For this rela:tionship the average error is probably three to six per c~n.t 
on the unsafe side; however $ in individual cases the error may be as great as 20 
or 25 per cent", Such an over=estimation a:r'ises when no aceotmt is taken of the 
proportion of' directly connected material to the total member section, the tis-
tribution of' the unconnected material» the length of the connection, or the 
met~od of hole preparatioDd 
Thus, tor a truss-type joint failing in tension the net section 
effectiveness may be expressed as some function of a number of faetors~ 
where: E = the net section effectiveness 
net 
A = the net section factor including effects of hole 
n 
pattern, the ratio of net to gross area, stagger, 
transverse spacing, etc" 
H = the factor of hole preparation 
i = the eccentricity factor which rela~es the amount 
of. material not connected directly to the gusset 
to the total area of the member, (a partial index 
of the effect of shear-lag) 
L = the leBgth factor related to shear-lag, introduced 
by the length of the joint, and related to i in 
total effect 
Z = the combination of all factors generally of lesser 
importance and which are of sufficient complexity 
as to make their consideration undesirable in 
design calculations for structural joints of steel" 
Among these factors we might include the effects of 
ductility of m.aterial aad fa.steners; bearing pres-
sure; fastener tension; variations in manufacture 
and fabrication; variations in details selected by 
individual designers, etco 
Effect of Hole Patterng 2 The s /4g rule (or AREA rule) now commonly used in the 
Uni ted States is in good agreement with test results for fla.t-plate jOints of 
normal configuration and is simple to employ in designo Schutz(lO) reports that 
the .AREA rule gave efficiencies for 855 tests which were 1,,39 per cent too low 
on the average 0 Such an error is certainly acceptable for design practice.. For 
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unusual spacings the AREA rule is less accurate(lO,39,48); it over-estimates the 
efficiency if the gage between rivets in the first row is large and under-
estima'tes the strength for small gages 0 
It has been shown in this and a. previous study that the AREA rule is 
in better agreement with test results of truss-type members than some of the 
other rules proposedo The extensive tests of' Rero 22 also show that simple net 
section area is not greatly in error, on the average, for small and medium 
angles, channels and I-beams (or wide-flange beams) 0 
Specifications currently used do not set a. limit on the maximum effi-
ciency of' a joint as determined by net areao B\1).t j contrary to the design 
~or.mula.e and handbook tables, few joints have been reported in the literature 
with test efficiencies above 90 per cent, and most tests show efficiencies of 
85 per cent or lesso This is perha.ps one of the most questionable points of 
curreat specificationso 
Effect of Hole Preparation: A great deal of work has been done. on this problem; 
tests have been made on plain bars j flat-plate joints 8.l1d truss-type members. 
lUthougla not always consistent in magn1:tude, the effects of hole punching are to 
reduce both the strength an,d the ductility in the joints.. Extensive tests 
recently on. flat;'plate jOints( 10) and truss-type members( 22) indicate a loss in 
strength of about 14 per cent.. Sub-punching and reaming does not always produce 
I 
the s~e strength or ductility as a drilled hole, although it is better than 
punching full si ze .. 
The matter of hole preparation needs further consideration in the 
spec~fications and particularly -where dynamic or fatigue loads are a. considers. ... 
tion, or where plastiC action is necessary for redistribution of stresses .. 
(This is discussed further in Refo 220) 
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Effect of Indirectly Connected Material ~ Shedd suggests in Ref 0 60: "The 
material composing a tension member should be so chosen and arrang~d that as 
large a part of it as is practicable may be directly connected to the gusset 
plates,9 splice plates, or supports 0 tV (pgo 201) This ca.nnot always be adhered to 
in large trusses or in many cases with rolled sections loaded in tension~ That 
the indirectly connected material is not always fully effective has been known 
for some t~eo The only consideration generally given to the problem by speci-
f1ca1$ion8 is a limitation on the portion of the outstanding leg of' an angle that 
can be considered eftectiveo These limitations generally apply only to a single 
angle or to two angles on the same side of a gusset plateo However" tests(22) 
have shown that a single angle',1s as effective as are two angles on opposite 
sides of the gusset., The difference in behavior is in the deformations which 
occur and in the loads at which plastic action beginso 
Young, after a study of Refso 2, 17, and 18, concluded that an angle 
connected with a lug angle could be taken as if the net area were fully effec-
ti ve" For single angles connected by one leg he suggested that a factor,' e, be 
applied to the net section areag 
e = laO = 0018 ~ 
c 
where u and c are the lengths of the outstanding (unconnected) and the conuected 
legs, respectively" 
Hool and Kinne(64), in a similar expression, state that the effective-
ness of single and double angles connected by one leg only can be expressed by: 
e = 100 om 00 30 ~ 
c 
where g is the gage of the angle if one gage line only is used or 2/3 of the 
sum of gages if two gage lines are used; e, uJl and 0, are defined as above 0 
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They state aliso that efficiencies of angles connected by both legs should be 
taken as 5 per cent higher than those given for angles connected by only one 
Specifications en effectiveness of angles va.ry considerablyo When no 
lug angles are nsedy some specifications(4J 5) allow only one~half the outstand-
ing leg to be considered effectiveo Still other specifications have permitted 
use of 75(60~6l) and even 100(6) per cent of the net area for the same caseo 
Among the specifications used in the United States, the !ASHO SpeCifieations(5) 
are the mqst detailed in providing guidance for the designer employing angles 
00 ( 20 ) (11 18) in tensiolllo It is worth noting that DOrnan and McKibben j did indicate 
that single angles give greater streDgths when the line of loading is nearer the 
outstanding leg and the angle centroid than if the line of load passes through 
the rivet groupo DOmen also advocated lug angles straddliltilg the first row; and 
McKibben indicated greater strength with stiffer lug angleso These principles 
have been advocated by a number of authors (for example, Refs 0 39, 59, and 60) 
who also recommend that the lug angle have an outstanding leg the same length as 
the leg of' the m.ain member to which it is attached 0 
Effect of JointLength~ It was noted earlier that joint length appeared to 
affect substantially the web effectiveness of I=sectionso Joint length is, of 
course,,9 directly related to the number of fasteners in a lineo Other investi'" 
gators(22~23) have indicated that the number of. fasteners in a connection 
affects the effectiveness of the outstanding leg of angle memberso In fact, 
some European specifications(22) require that an angle in tension be designed 
for an overloa.d of 100j) 40 j or 25 per cent one» twoJ or three rivets are used 
to connect it to the gusaet~ (However j tests(22) show a loss in strength of 
only about 10 per cent when three rivets are usedo) It seems that in Refso 22 
and 23 the Dumber of 1"1 vets is important only as a measure of the length. of 
the connection between the ~onnected and outstanding material rather than the 
Joint length is related also to the amount of indirectly connected 
areao For example, if we consider an extreme case» a longer length of connec-
tion would be required to develop,as completely as possible~ the strength of an 
8. x 4 angle when the 4=illo leg is attached to the gusset than would be the case 
were the 8=ino leg attachado 
Insofar as is known» no researchers have attempted to evaluate, for 
members of the type reported herein» the effects of either the joint length or 
the indirectly connected materials, other than for angleso The effect of 
shear-lag bas been investigated analytica.lly but the res'Ults, as show earlier, 
are limited in applicatiollo 
other Factors Affecting Joint Effi.cien~~ Mention has already been m.a.de of the 
minor effects of bearing, ductilitYi and fastener tension on joints in struc-
tural sectionso Work by SChutz(lO) and others has indicated that tensile 
strength is little effected by the number of fasteners in a line or by the num-
ber of lines (provided there are no large eOlge distances)<:> And» the flexibility 
of the gusset plates appears to affect the plastic deformations more than the 
ultimate strengtn(22)o 
There are several pointsJ) when cOIu:ddering the e·f'fects of' ma.n.ufactur-
ing and fabrication j which should be mentionedo The possible error due to 
rolling tolerances is ± 205 per cent; no method of strength prediction can 
remove this source of erroro (Probably most mills err on the minus side as 
borne out by the measurements Oln specimens of the Group 1 tests (3) and those 
(11 22) 
reported in other papers Ji 0) In effect» this produces a possible source 
of error which provides a flscatter band" 5 per cent wide, regardless of the 
precision used in the stress determination or in the joint design .. 
Wilson, €It al(62) states~ 
"Tests have shown that, of two geometrically identical 
speeimens fabricated from plates cut from the same parent 
plate and connected with riveted joints with the same rivet 
pattern, the strength of one may be as much as 10 per cent 
greater than the strength of the other. That is, the effi-
ciency of a rivet joint cannot be accurately computed, even 
though the rivet pattern and the coupon strength of the 
plate are both known .. " 
Obviously the variables of fabrication introduce an unpredictable error in say 
jOint, the magnitude of which can only be determined by a destructive test .. 
Careful fabrication may reduce this spread to only a few per cent .. 
15. Development of a General Expression for Efficiency, 
In preparing specifications for the design of tension members, engin-
ears have had to weigh a great many factors: the uncertainties of load and 
stress calculations, the desired factors of safety, the accuracy and complexity 
of the design rules, and the methods and cost of fabrication and erection .. 
Should a compromise in any of these factors be required, it is generally ~esira-
hIe that the design specifications be conservative a 
Since the net sections, as defined by the AREA or AISC rules, are in 
good agt"e~t With the test data of flat-plate joints and certain truss-type 
connections, comparisons ha.ve beeD. made of the results of all available tests 
and the AREA computed effieiencies .. (See Fig., 47) Only net seetion fai lure S., for 
whieh hll data were available were considered,; In one case, Befo 23, 110 note 
was available on methods of hole preparation so the holes were assume~-~t() be 
punched., More than 200 tests are represented in the data and test results are 
from Befs .. 2, 3, 17, 18, 2l, 22, 23, 24, and 26, aDd Table 70 
91 
In Figo 47 the results of tests of single angles attached by one leg 
or of two angles on the same side are plotted twice: once using the AISC speci-
fication (6) and eonsidering the full area outstanding.; and then using the AREA ( 4) 
(and AASHO( 5)) specification permitting only 1/2 of the outstanding area. 
(Enclosed by the dashed boundary line) 0 Both methods give efficiencies consider-
ably different from those obtained in the testso The AISC method over-estimates 
considerably the strength of pUllched angles but is in good agreement for drilled 
angles. The AASHO-AREA method is conservative for punched angles and particu-
larly so for drilled angles. 
In Figo 47 it appears that the AISC rule for net section over-estimates 
the strength of most members by about 10 per cento In only a few cases was it 
conservative 0 It is believed that since excellent agreement wa.s reported for 
flat-plate tests, the reason for the over-estimation for truss-type members is 
rela.ted to the effects of shear-lago Perhaps these effects can be taken into 
consideration'by means of a simple expression which can be applied to the AREA 
or AISe rules 0 
The distance from the center of gravity of the gross area of the m.em-
ber to the face of the gusset plate, x, has been selected as a measure of the 
eccentricity of the area, or of the ratio of connected material to unconnected 
material 0 Such a value is tabula.ted in. the steel handbooks for angles and. 
cha.m1els" Where angles or channels are used on both si~s of the gusset the 
same i is taken, since no gain in effectiveness at ultimate loads could be found 
in the test data where two aagles or channels were used rather than one such 
sectiono For angles with lugs the x has been taken as tabulated.. For I-beams 
or wide-flange members x has been computed for the Tee formed by considering 
only one-half the sectiono The length of the joint» taken as L, the distance 
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between the first and last rows of rivets, was considered also to be a pertinent 
factor 0 Study of the data indicated that the strength of the members decreased 
with increasing x, but increased with increasing 10 ~ese two factors may be 
considered most-· simply by relating the efficiency of the joints to the ratio, 
ilL .. 
In Figo lf8 are shown the results of such a study.. The ratio, Test 
Efficiency d1 vided by the AISC Efficiency (using full areas of outstanding legs 
for angles), has been compared with ilL.. The trend shown in the plot confirmed 
the interrelationship which had been surmised.. However, the variety of sources 
for the test data., and thus the variety in materials, fabrication techniques, 
edge distances, and material sizes contribute to the seatter of the results. 
It is probable that with further testing and wi thfurther eValuation 
an accurate expression could be obtained for each specific type of member to 
predict the strength within a ~row range for carefully fabricated joints .. 
Perhaps, such precise formulae would be desirable in aircraft or similar struc-
tures where any excess weight becomes extremely important in terms of fuel, 
size, etc.. However, in ordinary structural design, w~th the many factors dis-
cussed in Section 14, such preciSion does not seem warranted .. 
Therefore, ODe.· Simple expression was selected whieh eould be used for 
the determination of' the net area of any tensionmem.bero This is given as 
follows: 
ENAu = (1 - ~) A ( 4) 
whereD~-= tlleeffeetivenetarea of any tension member, flat-pl.ate or truss-
type, rabricat~d by drillingo 
x = the distance from the face of the gusset plate to the center 
of gravity of the member computed as outlined above. (For 
normal flat-plate Joints this value would be taken equal to 
zero 0) 
L = the length between the first and last rows of fasteners. 
2 A = the net area prescribed by the s 14g rule, with outstanding 
legs taken as fully effective. 
For punched members: 
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In a specification only one additional relationship, Eqo 4, would need to be 
presented for either flat-pla.te or truss-type Joints, provided two design 
tensile stresses are specified: one for drilled work, and a second for punched 
members equal to 7/8 of that for drilled memberso For example, in the current 
AlSC specifications these stresses might be 20,000 psi and 17,500 psi for 
members fabricated by drilling and by punchingo Use of such a deSign rule would 
not be laborious since L can be readily determined and the term i for most of 
the rolled sections can be obtained from manuals or handbooks. For those sec-
tions not now so covered in the handbooks the values could be compu ted easily. 
The term A is the net section area which 1s determined in accordance with the 
current design requirements. 
In Figo 48 it may be noted that the members with lug angles, despite 
short L dimensions and thus bigh ilL ratios, appear to be fully effective. 
Therefore, in employing Eqso (4) or (5), ilL is taken as zero for angles with 
lugs when the first stitch rivet is behind the first gusset rivet a. distance no 
greater than oBe-half the pitch of the gusset rivetse In this way the net 
section is affected either by the I'i eccentric ity=lengtht9 factor or by the stitch-
rivet holeo This concept is in agreement with those presented by Young(63) and 
others .. 
With Eqso (4) and (5) and the procedures outlined above, efficiencies 
were re-computed for comparison with the test efficiencies and are shown in 
Figo49o In contrast with Figo 41i the scatter band has been reduced considera-
bly a:nd few predictions are over=estimated by m.ore than about 7 per cent 0 When 
over-estimated by more than 7 per cent, the members were generally unusual 
jOints having high bearing or very large values of x and relatively short 
lengths <> The joints which were under=estimated by more than 10 or 12 per cent 
often had sub=standard hole spacingsj very small edge distances, or were of 
small rolled sections used only in light construction, etco 
On the whole the results appeared to be about 5 per cent conservative. 
In view of the simplicity of the formulae and the use of a single relationship 
to predict the efficiency of flat~plate joints and t~ss-type menbers» an 
adjustment in the equations did not seem warr8lll.tedp .. paxticru.a.rly since the re-
sults were on the safe sideQ 
It is believed that Eqso (4) and (5) represent a reasonable, safe, 
and sufficiently accurate method for use in the structural design of tension 
mem.bers 9 and that this method is in better a.greement with test results than the 
procedures now in useo 
It is evident from a study of Figso 47 and 49 that few test effi-
eiencies for drilled members will exceed 90 per cent and that no punched members 
had 80 per cent or more effectivenesso It is considered desirable that a limit 
be placed on the computed net section effectiveness such that it be no greater 
than 90 per cent for drilled members and no more th~ 80 per cent for punched 
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members 0 Such limits could~ if desired j be tabulated in steel tables for every 
rolled sectiono 
V <> SUW!M.ARY OF RESULTS AND CONCLUSIONS 
For the convenience of the reader in additional information, 
the appropriate Section of this report is shown after each resulto 
10 The orientation of the specimens in the 
the deformation characteristics somewhat but had ~~l~~~b~~ 
ultimate of the (Section 8) 
machine affected 
effect on the 
20 The distribution of load to the pull~plates of double-
plane members at small loads had little effect on the ultimate load, since 
at higher loads that distribution was uniform 0 However, the unequal 
distribution of the load at the lower loads the location at which 
failure would take (Section 8) 
in hole clearances and behavior contributed to 
unequal loading of the various components of the members tested, particularly at 
loads above working stresseso Up to stresses the loadings were somewhat 
more unlform8 (Section 9) 
40 The effect of was evident in the connected legs and in 
the outstanding of members:; and in the and webs of the I-
section memberso ( 9) 
50 Strains in the membelros behind the 
(Section 
give some 
indication of the 
used for the 
( 
those 
97 
8.. Deformations in bolted members were generally smaller than those 
measured in similar riveted memberso (Section 10) 
90 First major slip in bolted members d1~ not occur until loads well 
beyond current design levels had been appliedo (Section 10) 
100 An increase in bearing pressure, resulting from a reduction in 
the number of fasteners, produces an increase in the deformations of' truss-type 
members, even at desiga stresses on. the net sectiono (Section 10) 
110 Web effectiveness, (as a result of shear-lag) varies with the 
length of the joint, shorter joints providing a less favorable stress transfer. 
(Section 11) 
120 Wide gusset plates, with large edge distances, may be more sus-
ceptible to damage by punehing the.n are members having smaller edge distances. 
(SeetioD 12) 
1,0 The effective width of gusset plates may be considerably less 
tha:a the actual width. Narrower and stiffer gussets are generally preferable to 
thinner gussets having the same net areao (Section 12) 
14~ "SplittlngU failures in the g'\lssets ,,~re preceded by tearinge.n.d 
the "splits" then developed because of the gusset geometry 0 (Section 12) 
150 Unequal fastener deformations in long joints produced average 
shear strengths that were lower than that obtained from Single fastenerso 
(Section 13} 
160 Joint strength, including that of the fasteners, is affected by 
the arrangement of the eomponent,parts and of the fas~enerso (Section 1') 
170 The AREA-AISC or s 2/ 4g llet section rule gives good agreement with 
test results of flat-plate joints but over-estimates the efficiency of truss-
type jointso (Seetion 14) 
170 Conclusions 
The Section listed a.fter each conclusidn below will enable "the reader 
more easily to consider further the ba.sis for that conclusiono 
10 The usual formul~ ~= ~ is satisfactory for use in elongation 
computations for truss memberso (Section 10) 
20 Gusset'plates are not always fully effective over their entire 
widtho This fact should be considered in their design, possibly by means of a 
relationship similar to that of theequat10ns presented in Section 120 
39 For A-325 bolts and A ... 7 steel members, the current ratio of 
allowable tension to allowable shear of 1,,0~00 15 is conserva.tive for an.y bolted 
joint of normal pa.tterno A T~S ratio of loO~0095 appears justified for truss--
type connections when fatigue is not of concerno However, any change in T:S 
ratio should be accompanied by a change in minimum edge distance 0 (SectioQ 13) 
40 Punched members are only 85 to 90 per cent as effective as similar 
drilled membersa (Section 14) 
5.. In view of variations in fabrication and of the interrelation of' 
a large num.b~r of factors, it is doubted that elaborate form:ulae. for the design 
of tension members are .justifiedo However, consideration shoUld be given to 
2 the following four variables~ (1) joint pattern (by means of the s j4g rule); 
(2) method of hole manufacture; (3) the distribution of area in the connection; 
and (4) the length of the connectioDo , These factors can all be presented in one 
simple expression, suitable for both flat-plate and truss-type jo!ntso (Section 
15) 
60 An. upper lim! t should be placed on the m.axim.um proportion of the 
gross area which may be considered effective in resisting a tensile loado A 
limit of 90 per cent is recommended, provided separate design stresses are speci-
fied for punched and for drilled memberso (Section 15) 
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APPENDIX A 
SPECIMEN HISTORIES 
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A somewhat detailed history for each specimen of the present test 
program is listed below. It should be noted that these observations were made 
o~y to supplement the quantitative measurements and thus are not a complete 
load history .. 
SPECIMEN SA-I-DR 
The legs of the 3 1/2 x 3 1/2 x 7/16 angle stock for the SA specimens 
(detailed in Fig. la) were slightly out-of-square, and did not have a mill scale 
surface which would provide sensitive indications of yielding. In the fabrica-
tion,the gusset rivets were driven first. The stitch rivets were driven next 
but did not pull the angles up tight; some of the rivet shanks were visible 
between the angleso By the time the load reached 225 kips the top gusset of 
SA-I-DR showed yielding in the center of the plate at the last row of rivets 
and, 50 kips later, both gussets had yielded along the last three rows of rivets. 
The angles gave evidence of yielding at 425 kips. The deformation dials were 
removed at 450 kips. At 456.4 kips the loading rate slowed somewhat. At 485 
kips the angles still gave little or no evidence of necking. The gussets, 
however, had stretched out from under the ends of the angles about 3/8 in. At 
the maximum load of 507.6 kips a popping noise was heard and the load dropped 
off about 5000 lb. It slowly rose again to almost the same level before drop-
pint suddenly at a second pop or report. A third popping noise at 467 kips was 
determined to be a shear failure of the last rivet on the SE side at the bottom 
of the member. By this time the load had dropped further, and at about 366 kips 
the driven heads of the rivets shearedoprogressively, beginning at the last row 
of rivets& It was noted that the edges of the angles at all the net sections 
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showed necking of about 1/32 ina to 1/16 ino A few of the rivet heads were 
sheared off on the bottom west side also, and many of the rivets which lost only 
one head were bent. Failure was similar to that pictured in Fig. 6a. 
SPECIMEN SA-2-DR 
Yielding in the center of the top gusset at the last row of rivets was 
first noted at 275 kips and by 300 kips this had spread to the last three rows. 
The northwest and southwest angles showed yield strains at the first row rivets 
and at the first stitch rivets by 425 kips. At 450 kips the slip dials were 
removed. Slight popping noises occurred twice as the loading was continued be-
yond 484 kips. At 493 kips the gussets appeared to have pulled out from under 
the ends of the angles about 7/16 in. The load reached a maximum of 497.2 kips, 
dropped to 472 kips when the seventh row and sixth row rivets sheared at the 
bottom on one side, and then the entire bottom joint failed by rivet shear (Fig. 
6a). It was noticed that the bottom gusset had 1/8 in. long tears at the last 
row of holes (Figo 6c) and that the angles had necked down slightly at the first 
rows. 
SPECIMEN SA-I-PR 
This specimen had five reamed holes: top joint on north side at rows 
1, 2, 3, and 6, and bottom joint south side at row 40 By 300 kips the top and 
bottom gussets were yielding at the center and along the last two rows of rivets. 
At 475 kips signs of yielding were evident in the angles at the first row 
(although angle surface was somewhat rusty). At this load the specimen was 
carefully examined for some signs of a splitting failure but no sign of such was 
found even though a flashlight and fingers were used to probe the end of the 
gusset between the angles. Loading was resumed and a sudden thump at 483.8 kips 
indicated failure--by splitting along the north line of rivets in the bottom 
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joint. The crack progressed do\{U the north line of fasteners, across the gusset 
at the last row and then out to the south edgeo A small portion of the fracture 
or split appeared brittle. A similar fracture is shown in Fig. 7a. 
SPECIMEN SA-2-PR 
Six holes were reamed before this specimen could be riveted: top 
joint, north side, at row 3, and bottom joint, north side, at rows 2, 3, 4, 5, 
and 6. Yielding was first evident in the top gusset at 225 kips. Twenty-five 
kips later the bottom gusset plate began to yield. At 450 kips, yielding was 
indicated by the whitewash on the angleso A maximum load of 476.5 kips was 
developed before the bottom gusset began to tear between the last two rivets. 
The tears progressed out to the toes of the angles and then suddenly the gusset 
split along the south line of fasteners and tore across to the north edge, as 
shown in Fig. 7a. 
SPECIMEN SA-l-DB 
Siuce previous riveted and bolted members had failed in the gussets, 
this member was assembled with gusset plates 3/4 in. thick in order to force an 
angle failureo To provide maximum possible slip, the specimen was assembled "in 
* compression ll • Small slips which were barely perceptible occurred at several 
stages of loading before the first major slip at 236 kips, At 336 kips a second 
major slip developed and almost 100 kips load was lost. At 400 kips the angles 
showed evidence of yielding at the first row bolts, as did the gussets at the 
last row. At 525 kips, necking down of the angles was noticed and by 545 kips 
the angles, at the first rows, were elongating considerably. The maximum load 
was reached at 559 kipso And,as the load dropped to 543 kip~ the toe of the 
northeast angle had ruptured at the bottom jointo This was followed by rupture 
* Described in Section 4 of the texto 
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of the toe of the southeast angle.. As the load dropped further J the top south-· 
west and bottom northwest net sections failed. This failure may be seen in Fig. 
8c. 
SPECIMEN SA-2-DB 
This member was assembled in compression also. Beyond 150 kips the 
load dropped slightly several times. At 225 kips the lower gusset began t~ 
yield, followed quickly by evidence of yielding in the upper gusset plate." 
Between 250 kips and 215 kips there were several slips and further slipping at 
325 kips. By 415 kips the movement or stretching of the gussets from under the 
ends of the angles (1l1ast row sliptf or "last row deformation") had reached 
approximately 9/16 in. A movement of 3/4 in. waS evident by 490 kips. A maxi-
mum load of 504.1 kips was reached and a slow failure ensued. As the load 
dropped, the top gusset continued deforming slowly until the top of the bolt 
holes could be seen at a load of 416 kips. A little later a rupture between the 
two holes could be seen and began to grow slowly. By the ti~e the load reached 
395 kips, cracks in the gusset emerged from under the angles and then slowly 
travelled out to the edge of the gusset plate, as shown in Figs. 8a and 8b. 
When the member was unbolted, it was noted that similar cracks were 
just getting started in the bottom gusset at the last row of bolt holes. 
SPECIMEN SA-l-PB 
* This specimen was assembled in tension. A very slight slip occurred 
at 150 kips, yielding developed at the center of the bottom gusset at 215 kips, 
and then 25 kips later the other gusset had yielded and the plastic zone was 
spreading along the joint. A maximum load of 481.4 kips developed before the 
* Described in Section 4 of the texto 
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load began dropping 0 At 432 kips the load began to rise again; no crack was yet 
apparent although the gusset plates had pulled out about 5/8 in. from behind the 
angles at the top, and about 3/8 ino at the bottomo As loading continued, the 
top Ils1ipll increased to 3/4 in .. while the bottom movement remained almost con-
stant. The load dropped slowly and then suddenly the specimen fractured. A duc-
tile failure of the gusset was obtained between the two holes and almost to the 
toes of the angles; a brittle fracture was obtained on the north to the edge of 
the gusset, and an 8-in .. brittle tear appeared on the southD Beyond the south 
brittle region was a short ductile area" Simultaneously the gusset split out 
along the south line of rivets~ In this split were several brittle appearing 
fracture surfaces and one submerged fracture. In Figse 7b and 1c these fracture 
details are shown, including the submerged fracture marked by an arrow labeled 
IISn" The north line of holes was found to have small cracks at the first three 
rows of holes indicating the initiation of splitting (Fig" 7c). The bottom 
gusset also showed small cracks which had started at the last rows of holes. 
When the failure occurred, the temperature was 780 Fe 
SPECIMEN SA=2-PB 
This member was assembled in compression (maximum possible slip). 
Slight slips developed at 168, 184, and 209 kips. A large slip occurred at 236 
kips and the load fell off to 230 kipso At 256 kips another large slip dropped 
the load to 231 kipso When the load reached 250 kips on reloading, the joint 
slipped again and the load dropped by 4 kipso Further slips from 251 to 222 
kips and 265-259 kips were noted" By 275 kips, the gussets were yielding in the 
center 0 Popping noises were heard at several later loads but no sudden slips or 
load drops were noted" At 400 kips the outstanding legs began to yield at the 
first stitch rivets.. A maximum load of 482 kips was supported and a slow failure 
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developed~ Final failure was by a ductile fracture at the last row holes in the 
top gusset 0 This ductile fracture progressed out from under the toes of the 
angles and part way across the gusset. Simultaneously the gusset split along 
the south line of holes somewhat as shown in Figo 7a or 7b. Partial tears were 
also evident in the north line of holes at the first three bolt holes. Some por-
tions of the split had the appearance of a brittle fracture. 
SPECIMEN SB-l-DR 
The SB specimens are detailed in Figc lbo Yielding began in the upper 
gusset. at about:~200 kips and at 250 kips was also developing in the lower gusset. 
The angles began to yield at the first rows when the load reached 325 kipso The 
plates had yielded extensively by 350 kips and the plastiC area was spreading 
along beneath the angleso The load dropped slightly from 417.5 kips to 410 kips 
and then went on to a maximum of 513 kips 0 On the way to a maximum load, at 465 
kips, the angles began to neck down and bow away from the gusset gomewhat. The 
relative movement between the gusset and the angles developed to about 1/2 in., 
before the angles ruptured at the first row. Fractures occurred at the bottom 
joint in the northwest, northeast, and southwest angles and at the top joint in 
the southeast angle. A similar fracture is shown in Fig. 9a. 
SPECI~1 SB~2-DR 
The gussets began to yield in the center at loads of from 100 to 150 
kips. This yielding in the gussets spread along the joints as the loading 
continued. At 375 kips the west angles showed Luder's lines at the first row. 
Some few hesitations were noted in the loading as the higher loads were applied .. 
By 490 kips the gussets had moved out 5/16 in~ to 3/8 ino beyond the ends of the 
angles 0 The maximum load was 527 kips and failure was by rupture at the bottom 
joint in the northeast, southeast, and northwest net sections of the angles 
and also ~ailure of the southwest angle at the top, somewhat as shown in 
Fig., 9a .. 
SPEC Ir4EN SB= 1-PR 
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One hole was reamed in this member -- the second hole in the top gus-
set, the north line of fasteners 0 During the test, first Luder 1 s lines appeared 
in the center of the lower gusset at 250 kips.. Similar yielding developed in 
the upper gusset 25 kips later and then spread along both joints. When the load 
reached 350 kips yield lines appeared at the first-row rivets in one of the 
angles and this yielding developed further as the load increasedo At 425 kips 
yield patterns parallel to the direction of loading appeared on the angles 
between the rivets connecting the angles to the gussetso A maximum load o~ 
49204 kips was reached before tears appeared at the net section of the northeast 
and northwest angles at the bottom net sectiono These tears propagated through 
the toes first, and then across the angles as failures began appearing in the 
southeast angle at the top and the southwest angle at the bottom.. A typical SE 
fracture is shown in Figo 9ao 
SPECIMEN SB-2-PR 
Four holes were reamed in trus specimen, all at the bottom gusset 
north line, holes at rows 3 and 5, and south line, holes at rows 4 and 50 
Yielding was first evident in the center of both gussets at 275 kipso 
Yielding in the angles at the first row of rivets developed at 325 kips., At 
this same load LUder's lines parallel to the direction of load became apparent 
on the angles between the last two rivetso After a maximum load of 49802 kips} 
the southeast angle began tearing at the bottom joint, followed by the northwest 
angle at the bottomo Final failure involved these locations plus the northeast 
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angle at the top net section and the southwest angle at the bottom joint. The 
fractures in two of these angles are shown in Fig.. 9ao 
SPECIMEN SD-I-DR 
The SD specimen details will be found in Fig. 2a. Yielding in the 
center of the gussets was noticed first at 300 kips. During subsequent loadings 
there were some popping noises. At 350 kips Luder's lines were evident on the 
angles at the first rows of fasteners. By 460 kips the gussets had moved out 
from under the ends of the angles by about 3/8 in. Finally, a. load of 470.7 
kips was reached and then the load fell off slowly. At 360 kips, tears appeared 
between the two first-row rivets in the northeast and northwest angles of the 
bottom joint and the tears then developed through the toes of the angles. As 
the load fell off to 365 kips cracks appeared in similar locations in the south-
west and southeast angles at the top joint 0 As the load dropped farther, the 
cracks spread toward the fillets of the angles and finally through the holes of 
the first stitch-rivets. This fracture may be seen in Fig. 9c .• 
SPECIMEN SD-2-DR 
As the load approached 150 kips, slight drops in load were noticed by 
the testing machine operator. The angles began yielding at the first row at 350 
kips and in the gussets 25 kips later. Repeated popping noises during loading 
(which were not heard in the case of SD-I-DR) developed and grew in loudness. A 
maximum load of 466.7 kips was developed. First the critical section of the 
southeast and northeast angles at the top joint began tearing between the rivets 
and out to the toes of the angles. Then similar tears occurred at the bottom 
joint in the two west angles. The failure path at the top, east side, was 
through the second stitch-rivet. The tears at the bottom, west side, also 
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passed through the holes of the second stitch-rivet but, in addition, tears 
appeared in the toes of the outstanding legs opposite the first stitch-rivet 
(Figo 9d). 
SPECIMEN SD-I-PR 
Yielding at the first rows appeared at 350 kips followed 25 kips later 
with yielding in the center of the gusset plateso A maximum load of 451.8 kips 
was reached as the first-row net section on the west side of the bottom joint 
tore between the two first-row rivets and then out to the toes of the angles. 
The outstanding legs fractured,through the second stitch-riveto The net section 
of the northeast angle at the bottom joint and net section of the southeast 
angle at the top joint also fractured, but through the first stitch-rivet 0 
These fractures were similar to that shown in Figo 9co 
SPECIMEN SD-2-PR 
The angles developed Luder's lines at the first rows at 325 kips~ By 
400 kips yield bands were spreading in the gusset plateso A maximum load of 
41800 kips was reached and as the load dropped to 416 kips, a crack appeared in 
the angle between the rivets of the northeast angle at the bottom joint. This 
crack spread to the toea Then the southeast angle began to tear at the net sec-
tion of the top jointo The two east angles ruptured through the first stitch-
rivets, after which the west angles failed in a similar fashion~ the southwest 
angle at the top joint and the northwest angle at the bottom jointo 
SPECIMEN SE-I-DR 
All the specimens previously described were tested in the 600,OOO-lb. 
testing machine which has a screw-type loading mechanismo Specimen SE-I-DR 
(Figa 2b) and all which follow in this listing were tested in a 3,000,000-lb. 
machine which has a hydraulic loading systemo 
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Popping noises were heard as the load built up to 200 kips. At this 
level the gusset plates showed yield bandso This yielding and popping continued, 
and at 400 kips it was noted that the outstanding legs of the angles were open-
ing up slightly at the ends where there were no stitch-rivets. The gusset plates 
continued to yield and at 500 kips yielding became evident on the angles at the 
first row of rivets and, 50 kips later, on the outstanding legs of the angles at 
the first stitch-rivets 0 By this time, the outstanding legs of the angles had 
opened up approximately 3/16 in. at the ends of the member and this deformation 
had more than doubled when the load was 600 kips. At 650 kips the gross section 
of the angles showed yield patterns, and the toes of the outstanding legs had 
separated 1/2 in. to 3/4 ino at the ends of the memberse The load reached 729 
kips when the end rivet in the south angle at the top joint sheared and the load 
dropped 19 kips. The load returned to 732 kips when a rivet at the last row in 
the north angle sheared in the bottom joint, followed in succession by the ninth 
rivet in the north angle at the bottom joint; then the tenth rivet of the south 
angle at the bottom; the eighth rivet in the north angle at the bottom; the 
ninth rivet in the south angle at the bottom joint; and then, seemingly, the 
entire bottom joint at once. The shear failure is shown in Fig. lOa. 
SPECIMEN SE-2-DR 
Once again loading was accompanied by frequent popping noises from the 
specimen. The bottom gusset gave evidence of yielding at 225 kips, while the 
top gusset spalled whitewash at 275 kips. Luder 9 s lines developed in the angles 
at approximately 600 kips and when the load reached a maximum of 772 kips no 
shear failure had yet developedo Instead, as the load dropped slowly, a tear in 
the gusset between the last two rivets became evident and this tear spread across 
almost the entire width of the gusset plate, somewhat as pictured in Fig. lOb. 
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SPECIMEN SE-I-PR 
Yielding initiated in the lower gusset plate at about 200 kips and by 
225 kips the top gusset showed yield patterns. This plastic straining of the 
gussets extended along the length of the joint as the load increased. At 576 
kips the load began decreasing and a tear in the top gusset developed. This 
tear finally extended the full width of the plateo (See Fig. lOb for typical 
failure.) 
SPECIMEN SE-2-PR 
In order to consider quantitatively the strains in a gusset plate of 
the SE specimens, this member had more than a dozen gages located on one side of 
the top gusset plate. The data from these gages are described in the text, and 
their locations may be seen in Fig. lObo 
The lower gusset began to yield in the center at about 200 kips. 
Seventy-five kips later the top gusset developed Luderfs lines. By 485 kips the 
straining in the plates was extensive, and at 500 kips the southeast and north-
west angles showed signs of yielding at the first row, bottom joint. 
When it was noted that the deformations had become quite large, the 
load was temporarily dropped to 450 kips to permit removal of the mechanical 
dials in safety. At this point in the test the upper gusset showed about 7/8 in. 
movement out from under the ends of the angleso A maximum load of 536 kips was 
reached, and failure was by tearing of the upper gusset plate (Fig. lOb). 
SPECIMEN SE-I-DB 
In order to force a failure of the 5 x 5 x 3/8 angle members to occur 
in these angles, this member was bolted up with 3/4-in. gusset plates. The 
joints were assembled flin tensiontt (for minimum slip). 
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The lower gusset began to yield at 475 kips, followed by a yielding in 
the upper gusset at 500 kips$ At this load, one of the angles began to yield at 
the first row a Plastic straining of the angles and gussets increased and by 600 
kips the outstanding legs of the angles were yielding 0 A net section failure 
occurred at 842 kips maximum load, and is shown in Fig. 9bo 
SPECIMEN SE-2-DB 
Yielding began in the 1/2-in. gussets at a load of 350 kips, a load 
considerably below that recorded for SE-I-DB. This region of yielding extended 
along the length of the joint as loading progressedo At 550 kips the angles 
began yieldingo At 778 kips some hesitation was noted and then the load began 
to dropo It was observed that the bottom gusset was necking down and as this 
plate tore, the last-row bolt in the north angle sheared off as is evident in 
Figo lOco A large amount of necking occurred in the angles at the first rows of 
bolts alsoo The deformations of the angles shown in Fig. 10c were typical of 
the appearance of all the SE specimenso 
SPECIMEN A-I-DB 
The rectangular (5 x 7) rivet pattern of the A-I-DB specimen (Figo 3) 
was comparable to that used in the Group 1 riveted memberso The joints were 
assembled in tensiono At 400 kips a slight movement between the member and the 
edges of the gussets was notedo At 600 kips the 1/2-ino gussets were yielding 
at the last row of boltso This yielding spread as the load increased until, by 
750 kips, it extended along the entire length of the outer lines of fasteners in 
the gusset plateso The web plates showed Luderfs lines at the first row of bolts 
at 850 kips and, 100 kips later, the angles gave evidence of plastic strains. 
At 1215 kips the seventh-row bolt of the south line of fasteners in the bottom 
east gusset sheared. A pop was next heard at 1250 kips but no further failure 
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was detected until 1265 kips when the seventh-row bolt of the south line in the 
top gusset shearedc At 12Bo kips the top north line seventh-row fastener failed 
and the load began droppingo Some of the west bolts next began failing and then 
the sixth-row bolt in the south line at the bottom east joint sheared at about 
1200 kipso When the load reached about 1100 kips the sixth-row and first-row 
bolts in other outer lines failed as lIunbuttondJng Ti continuedo However, the 
principal mode of failure was in the gussets~ the bottom east gusset tore 
across the last row of fasteners and then split along the south line of fasten-
erso The top west gusset also tore across at the last rowo In all, fourteen 
bolts sheared before the test had to be stopped because of the gusset failures 
(Figse 11, 12a and 12b) 0 
St'.l!iCIIvJ .. I:!.iN' A-2-DB 
As described in the text and shown in Figo 37 this specimen was 
modified -- new 3/4-ino gusset plates were made J additional fasteners were 
placed in the outer lines j add1tjonal straps were bolted on as extensions of 
the batten plates, but still the original net section was maintainede The 
specimen was assembled in tensiono 
At 300 kips a light popping noise was heard, but no major slip was 
noted; at 600 kips the bottom east gusset plate appeared to have moved more than 
the other gussets; at Boo kips no yielding was evident but gusset movements were 
increasing; at 900 kips the webs began straining plastically followed by yield 
lines on the angles 100 kips later; and, at 1315 kips there was a pop, and the 
load dropped 5 kips, but no shear failure could be detectedQ A maximum load of 
1405 kips was reached, when another popping noise announced a shear failure 0 
Several end bolts on the east side sheared before the bottom east joint began to 
Hunbutton lV 0 QUi te suddenly, all the rema,ining bolts in the entire joint appeared 
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to shear simultaneously. A corner bolt in the top east joint is shown sheared 
off in Fig. 12c. 
SPECIMEN AM-I-DB 
The gussets began yielding at about 500 kips, and the Luderfs lines 
had spread the length of the joint by 800 kips. The webs showed strain lines by 
950 kips. The load reached 1170 kips when a fastener on the top west sheared 
but then dropped 10 kips. A fastener failed at 1200 kips and the load dropped 
again. Two more fasteners failed at 1230 kips, and finally a maximum load of 
1235 kips was reached before the top east gusset sheared all remaining fasteners. 
By this time all but one of the eight corner fasteners in the last rows had 
sheared offo One plate with both corner fasteners sheared may be·seen in Fig. 
12d~ 
SPECIMEN AM-2-DB 
This member was assembled with 3/4-in. gusset plates (Fig. 3). At 750 
kips the west web began to yield at the net section and this strain pattern grew 
as the load increased. No similar pattern appeared on the east web until about 
900 kips. The angles gave evidence of yielding at 1000 kips. The first bolt 
sheared at 1265 kips when one of the corner bolts at the first row of the bottom 
west joint failed. When the load reached 1285 kips, the entire bottom west joint 
seemed to fail at once by bolt shear. 
SPECIMEN C-I-DB 
The C specimens are detailed in Fig. 4. At the bottom east side the 
relative movement between gusset and angles had increased to almost 1/4 in. by 
550 kips. At that load, the gusset plates were yielding and the angles showed 
plastic strains 0 By 650 kips the relative movement between the end of the gusset 
and the angles near the net section on the lower east side had increased to 
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almost 1/2 ina and the web plate had begun to yield. Fractures first appeared 
in the southeast and northeast angles at the bottom joint after a maximum load 
of 706 kips had been reached; then the top west joint began to fracture and this 
fracture then became the principal failure. Secondary tearings were noted at 
the bottom and top joints on the east side. At failure, the ends of the web 
buckled (Fig. 13)0 
SPECIMEN C-2-DB 
This specimen was like C-I-DB except that the gussets were held apart 
by means of spacer angles welded between the gussets just beyond the joints. 
Yielding began in the gussets at the last rows of fasteners at 400 kips. The 
plastic zones in the gussets spread as the load increased; the angles also 
showed evidence of large strains at 500 kips. By 650 kips the web was yielding. 
A maximum load of 722 kips was reached when a slow tear developed at the net 
section. As had been the case for C-l-DB, there were primary and secondary rup-
tures: the angles tore through at the bottom east and the web was partially 
torn at the same sectiono The northwest angle at the bottom and the southwest 
angle at the top showed secondary tears. In addition, the web on the end of the 
member which tore buckled at ultimate (Fig. l4a) 0 
SPECIMEN eM-I-DB 
This specimen had six bolts in each line (Fig. 4). The angles began 
yielding at the first row at a load of 450 kips while the gussets showed Luder's 
lines at 500 kips. The web yielded at 700 kips. By 805 kips the relative move-
ment between the gusset plate edge and the angles at the east side was about 
5/16 in. and this increased another 1/8 in. by the time the load reached 860 
kips. A maximum load of 870 kips was recorded, and final fractures appeared at 
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the bottom west net sectiono Partial fractures developed in the bottom east 
joint} and the end of the web buckled slightly at the bottDm as final failures 
developed" 
SPEC IMEN CM-2-DB 
The first signs of Luder's lines appeared in the gussets at 500 kips. 
One of the west angles first yielded at about 550 kipso Popping noises accom-
panied the yielding" By 700 kips the web showed signs of large strains. The 
relative movements between the edges of the gussets and the angles became as 
large as 1/2 in. by 820 kips and 25 kips later the angles had begun to neck down 
at each stitch-rivet 0 Maximum load was 866 kips.. The top east joint had the 
primary failure while secondary failures appeared at both top and bottom on the 
west side" The distortion of the angles shown in Fig. 14b was typical of all 
the C and eM specimens" 
TABLE 1 
PROPERTIES OF SPECIMENS TESTED IN GROUP 2 
~lL ( 2) ( 3) (4 ) ( 5) ( 6) ( 7) (8) (9) (10L 
Specimen Hole Fastener Gross AREA Tension: Shear: Nominal AREA Predicted 
:p,rep. Area Net Bearing Ratio Shear Nom. Gusset Efficienc;Y:J ~ 
Area (AREA) Area Area AREA Re1. 
sg.in. sg.in. sg.in. sg,.in. Ga~e 
STARRED ANGLES 
SA-l-DR Drill 3/411 Rivets 11.48 8.61 1. 0 : 0 . 70 : 1. 64 12.38 14.07 75.00 80.85 
SA-2-DR Drill 3/411 Rivets 11.48 8.61 1. 0 : 0 . 70 : 1. 64 12.38 14.07 75.00 80.52 
SA-l-PR Punch 3/411 Rivets 11.48 8.61 1. 0 : 0 . 70 : 1. 64 12.38 1.407 75.00 69.41 
SA-2-PR Punch 314ft Rivets 11.48 8.61 1. 0 : 0 . 70 : 1. 64 12.38 14.07 75.00 69.62 
SA-l-DB Drill 314ft Bolts 11.48 8.61 1.0:0.70:1.09 12.38 21.11 75.00 81.00 
SA-2-DB Drill 314ft Bolts 11.48 8.61 1. 0 : 0 . 70 : 1. 64 12.38 14.07 75.00 81.17 
SA-l-PB Punch 314ft Bolts 11.48 8.61 1.0:0.70:1.64 12.38 14.07 75.00 69.97 
SA-2-PB Punch 314ft Bolts 11.48 8.61 1. 0 : 0 . 70 : 1. 64 12.38 14.07 75.00 69.76 
SB-l-DR Drill 718 ft Rivets 11.44 8.62 1. 0:0.60: 1. 64 14.42 14.00 75.35 81.76 
SB-2-DR Drill 718 ft Rivets 11.44 8.62 1. 0 : 0 . 60 : 1. 64 14.42 14.00 75.35 81. 76 
SB-l-PR Punch 718 ft Rivets 11.44 8.62 1. 0 : 0 . 60 : 1. 64 14.42 14.00 75.35 70.48 
SB-2-PR Punch 718 ft Rivets 11.44 8.62 1.0: 0.60:1. 64 14.42 14.00 75.35 70.48 
SD-l-DR Drill 718 ft Rivets 11.44 7.48 1.0:0.60:1.10 12.02 11.26 62.94 69.35 
SD-2-DR Drill 7/8 11 Rivets 11.44 7.48 1.0:0.60:1.10 12.02 11.26 62.94 69·49 
SD-l-PR Punch 718 ft Rivets 11.44 7.48 1.0:0.60:1.10 12.02 11.26 62.94 59·71 
SD-2-PR Punch 718 ft Rivets 11.44 7.48 1.0:0.60:1.10 12.02 11.26 62.94 60.38 
SE-l-DR Drill 314ft Rivets 14.44 11.94 1.0:0.68:1.59 17.68 14.07 82.69 85.78 
SE-2-DR Drill 3/411 Rivets 14.44 11.94 1.0:0.68:1.59 17.68 14.07 82.69 86.74 
SE-l-PR Punch 314ft Rivets 14.44 11.94 1.0:0.68:1.59 17.68 14.07 82.69 74.25 
SE-2-PR Punch 314ft Rivets 14.44 11.94 1.0:0.68:1.59 17.68 14.07 82.69 74.70 
SE-l-DB Drill 314ft Bolts 14.44 11.94 1.0:0.68:1.06 17.68 21.11 82.69 83.87 
SE-2-DB Drill 314ft Bolts 14.44 11.94 1. 0 : 0 . 68 : 1. 59 17.68 14.07 82.69 85.96 
BOX SECTIONS 
A-l-DB Drill 314ft Bolts 27.48 20.23 1. 0 : 0 . 65 : 0 . 77 30.94 35.63 73.62 80.49 
A-2-DB Drill 314ft Bolts 27.48 20.23 1.0:0.85:0.67 23.87 54.75 73.62 80.81 
AM-l-DR Drill 314ft Bolts 27.48 20.23 1.0:0.88 :1.04 22.98 36.50 73.62 80.65 
AM-2-DB Drill 314ft Bolts 27.48 20.23 1.0:0.88:0.71 22.98 54.75 73.62 80.57 
I-SECTIONS 
C-l-DB Drill 718 ft Bolts 19.44 15.62 1.0:1.28:2.38 12.20 27.42 80.35 82.38 
C-2-DB Drill 718 ft Bolts 19.44 15.62 1.0:1.28:2.38 12.20 27.42 80.35 82.63 
CM-l-DB Drill 718 ft Bolts 19.44 15.62 1.0: 1.08:1. 98 14.42 31.66 80.35 82.13 
CM-2-DB Drill 718 ft Bolts 19.44 15.62 1.0:0·93:1. 70 16.83 31.66 80.35 82.63 
* 
* 
* 
* 
TABLE 2 
MECHANICAL PROPERTIES OF MATERIALS 
STARRED-ANGLE MEMBERS 
Based on Tensile Coupons 
All coupons were standard 8-in. or 2-in.. gage length coupon and tested at a rate 
of loading less than the maximum prescribed. Upper yield was l1d.rop of beamu ; 
lower yield was determined from stress-strain plot, where taken. 
ANGLE STOCK GUSSET STOCK 
Matl. Upper Lower Ult .. Red .. : ,:ij!long .. No. Upper Lower Ult .. Red,.; . Elong .. No .. 
in [yield Yield Str. in i of Yield Yield Str .. in of 
Spec .. Area Tests Area Tests 
ksi ksi ksi % % ksi ksi ksi % % 
SA-1-DR 45.5 42 .. 9 6701 53.5 27 .. 4 (4) 36 .. 1 34.2 62 .. 3 53.4 27.6 ( 2) 
SA-2-DR 44.7 43'13 68 .. 7 52 .. 3 25.6 (4) 36 .. 1 34.2 62 .. 3 53.4 27 .. 6 ( 2) 
SA-l ... PR 46.0 44.2 69.2 52 .. 2 26 .. 9 ( 2) 37.3 35.4 64 .. 7 50 .. 3 27.8 ( 2) 
SA-2 ... PR 45.4 42 .. 8 66.4 53 .. 2 26.5 (2) 37 .. 3 35 .. 4 64 .. 7 50.3 27 .. 8 ( 2) 
SA ... 1-DB 45 .. 9 43.7 67.5 54 .. 2 26.1 (4) 36.8 35 .. 0 56.2 68.8 40 .. 9 ( 3) 
SA-2-DB 44.8 42 .. 7 66.0 54.7 26 .. 4 ( 4) 35 .. 9 34 .. 8 56.8 67.6 40.4 ( 3) 
SA-1-PB 44 .. 7 42 .. 9 65.3 54 .. 6 26 .. 3 (2) 36 .. 7 35.2 63.2 53 .. 2 23.4 ( 2) 
SA-2-PB 44.8 42 .. 4 64 .. 3 53 .. 7 25.8 (2) 36 .. 7 35 .. 2 63.2 53.2 23 .. 4 ( 2) 
SB-l-DR 64 .. 5 ( 4) 36.4 34 .. 9 56 .. 5 68.2 40 .. 6 ( 6) 
SB-2-DR 66 .. 7 ( 4) 36 .. 1 34.2 62'13 53.4 27,6 ( 2) 
SB-I-PR 67 .. 2 ( 4) 36.7 35,,2 63.2 53 .. 2 23.4 (2) 
SB-2-PR 67.3 ( 4) 37.3 35 .. 4 64 .. 7 50 .. 3 27.8 ( 2) 
SD-l-DR 43 .. 0 41 .. 0 66 .. 4 52.9 26.0 ( 2) 3/4fJ Plate--
SD-2-DR 42,,3 40 .. 2 65 .. 5 53 .. 5 26.6 (2) No Coupons 
SD-1-PR 43.6 41 .. 7 66 .. 3 52.6 26 .. 2 ( 2) Were 
SD-2-PR 41 .. 1 39 .. 1 63 .. 4 56 .. 0 27.5 ( 2) Taken 
SE-I-DR 41 .. 9 39 .. 7 68 .. 8 52 .. 7 2609 ( 2) 36 .. 1 34 .. 2 62.3 53 .. 4 27 .. 6 (2) 
SE-2-DR 40 .. 1 38 .. 5 65 .. 3 55 .. 5 28.2 ( 2) 37 .. 3 35.4 64 .. 7 50.3 27.8 (2) 
SE-l-PR 40 .. 1 38.3 65.9 53.2 27 .. 4 ( 2) 40.4 37 .. 7 59 .. 4 58,,7 25·9 ( 2) 
SE-2-PR ".2iQ.h 38 .. 7 66,,0 55 .. 2 27,,8 (~) 1 38 .. 0 36,,8 59 .. 4 55 .. 8 29.1 (2) .-',/ . - , -F 
SE-I-DB 40 .. 6 39 .. 3 67. :; 51 .. 1 26.9 (2) 314ft Plate--No Coupons 
SE-2-DB 40 .. 2 39 .. 1 66 .. 8 52 .. 6 26 .. 1 ( 2) 36 .. 7 35 .. 2 63.2 53.2 23.4 (2) 
* Based on 2-in. gage length coupons cut from the mid-length of the tested 
member. See Section 14 of text. 
Matlc 
in 
Spec .. 
A-I-DB 
A-2-DB 
AM-I-DB 
AM-2-DB 
C-I-DB 
C-2-DB 
CM-I-DB 
CM-2-DB 
~~--- .. ~-~ 
Upper Lower 
Yield Yieltd 
ksi ksi 
45.5 42.9 
44"B 42 .. 7 
45,,9 43 .. 7 
44 .. B 43 .. 3 
4101 39· 3 
40 .. 5 3903 
44 .. 4 42 .. 0 
43 .. 5 40 .. )6 
TABLE 3 
MECHANICAL PROPERTIES OF MATERIALS 
TRUSS-TYPE MEMBERS 
Based on Tensile Coupons 
All coupo~s were standard B-in.. or 2-in.. gage length coupon and tested at 
a rate of 'loading less than the maximum prescribed§ Upper yield was ndrop 
of beam"; lower yield was determined from stress-strain plot, where taken. 
ANGLE STOCK WEB .AND BATTEN PLATES GUSSET PLATES 
Ult" Red.. Elo:dg.. No .. Upper Lower Ult .. Red .... Elong .. No .. Upper Lower Ult .. Redo~Elongo No. 
Str. in - >. of Yield Yield Str .. in of Yield Yield Str. in of 
Area Tests Area Tests ~ea Tests ksi ~ ~I ksi ksi ksi 10 10 ksi ksi ksi 10 
67.1 53.5 27 .. 4 ( 4) :;8 .. 9 37·9 64·9 53 .. 7 2B .. 3 ( 3) :;800 36 .. 2 5900 56.9 '29·2 ( 6) 
6600 54 .. 7 26,,4 (4) 3908 37 .. 7 6502 5407 2B .. B ( 3) Coupons not taken .. 
67,,5 54 .. 2 26 .. 1 ( 4) 40 .. 4 37 .. 7 64 .. 4 54 .. 2 27 .. 6 ( 3) 38.0 36 .. 2 59,,0 56.9 '29 .. 2 ( 6) 
68 .. 7 52 .. 3 25.6 (4) 39 .. 7 37 .. 7 64 .. 7 55 .. 3 27,,4 ( 3) Coupons not taken .. 
61.6 54 .. 2 26.B (2) 38 .. 9 3769 6409 53.7 2B .. 3 ( 3) Coupons not taken .. 
61 .. 2 55.5 27' .. 5 (2) 39 .. B 37,.7 6502 5407 2B .. 8 (3) Coupons not taken .. 
67 .. 7 52 .. 1 27 .. 3 (4) 40 .. 4 37 .. 7 64 .. 4 54.2 27.6 ( 3) 38 .. 0 36.2 59.0 56.9 29 .. 2 ( 6) 
64 .. 9 54,.6 2B .. 4 (4) 39·7 37 .. 7 64 .. 7 55 .. 3 27 .. 4 ( 3) 36 .. B 35 .. 0 56 .. 2 6ELB 40 .. 9 ( 3) 
-~-~--.- --- ~ --- ~-----~."~ 
-- --
-----
TABLE 4 
CHARPY TESTS PERFORMED ON 
PLATE STOCK 
Charpy tests were run at room temperature (approximately +720 Fo) on coupons cut 
from plate stock which had exhibited brittle-like fractures or Usplittingft 
failures.. Plate p4 provided gussets for SB-I-PR, SE-2-DB, SA-I-PB, and SA-2-PB. 
From Plate P5 came gussets for SB-2-PR, SE-2-DR, SA-I-PR, and SA-2-PR~ The frac-
ture plane was parallel to the direction of rolling& 
Test Notch Energy, 
Spec., Depth* Foot-lb .. 
P4A 00315 87** 
P4B 00317 70 
p4c 0,,314 88 
P5A 0 .. 315 97 
P5B 00316 92 1/2** 
P5C 00316 97 
1f. Detailed to be 00315 in .. 
** Specimen stayed on pendulum" 
This material was semi-killed steel, purchased ten years earlier to ASTM-A7 
specification, in sheet sizes of 1/2 ino x 72 in .. x 11~4 in.. The mill report 
(Heat 74942) listed chemical content as follows~ 
Carbon~ 
Manganese~ 
Phosphorous~ 
Sulphur~ 
0022 
0,,32 
0 .. 012 
00035 
TABLE 5 
LABORATORY FULL SIZE BOLT TESTS* 
Bolt Bolt Ultimate Ultimate Ratio 
Diam~ Length Load** Strength on Ult. Str. 
Stress Area to Spec .. 
in. in .. ki;Es ksi Min. Ult .. 
3/4 2 1/4 47.5 142 .. 2 1.185 
3/4 2 1/4 46.9 140 .. 4 1 .. 169 
3/4 2 1/4 4505 136,,2 1 .. 135 
3/4 2 1/2 45 .. 0*** 134 .. 7 1 .. 122 
3/4 2 1/2 4209 128.4 1.070 
3/4 2 1/2 46 .. 2*** 138 .. 3 1.152 
3/4 2 3/4 47 .. 3 141 .. 6 1.180 
3/4 2 3/4 4709 143 .. 4 1 .. 195 
3/4 2 3/4 4708 143.1 1.192 
7/8 2 1/2 71.4 154 .. 3 1 .. 341 
7/8 2 1/2 70.3 152 .. 2 1.323 
7/8 2 1/2 69 .. 6 150 .. 6 1 .. 310 
7/8 2 1/2 71 .. 0 153 .. 7 1.336 
7/8 2 1/2 69.5 150 .. 4 1 .. 308 
7[8 2 1[2 68,,0 147.2 1 .. 279 
* Measurements of elongation at proof load were within 
the tolerances permitted by ASTMA-325. 
-** A 100 wedge was used under the head. 
*** Threads stripped because of partial thread engagement. 
TABLE 6 
MILL REPORT ON BOLTS, NUTS AND WASHERS 
Bolt Bolt Actual Ult .. Nut Washer 
Diamo Length Proof Load Load Stripping Hardness 
at Loads R 
in. in .. 0 .. 0005 in" kips kips c 
3/4 2 1/4 40 .. 5 4705 53 .. 7 36/40 
3/4 2 1/4 37.0 44 .. 6 60 .. 0 36/40 
3/4 2 1/2 32,,0 43 .. 7 56 .. 6 36/40 
3/4 2 1/2 35 .. 0 44 .. 8 56.9 36/40 
3/4 2 3/4 36 .. 0 45 .. 3 56.4 36/40 
3/4 2 3/4 3700 47 .. 9 58 .. 5 36/40 
7/8 2 1/2 4805 60 .. 0 7605 40/41 
7/..8 2 1/..2 47.5 61 .. 8 74 .. 6 40[41 
TABLE 7 
ULTIMATE LOADS AND STRESSES 
{1} ( 22 ~ 32 (4 ) ( 5) ( 6) ( 7) (8L (9) {lO 2 (ll) 
Specimen Ultimate Test Net Section Manner Nominal Nominal Nominal Nominal Fastener 
Load Eff. AISC Factor of Factor of Gusset Net Sec. Stress*** 
Design of Failure Safety Based Stress* Stress** 1st Ult. 
Load Safety on Failure @ Ult. @ U1t. Failure 
ksi % ksi ksi ksi ksi ksi 
STARRED ANGLES 
SA-1-DR 507.6 65.92 172.2 2.94 Rivet Shear 2.73 (36.1) ( 58.9) 41.0 41.0 
SA-2-DR 497.2 63.01 172.2 2.89 Rivet Shear 2.68 (35.3) (57.7) 40.2 40.2 
SA-1-PR 483.8 60.94 172.2 2.81 Spli t Gusset 1. 72 34.4 (56.2) (39.1) 
SA-2-PR 476.5 62.51 172.2 2.77 Spli t Gusset 1.69 33·9 (55.3) (33.5) 
SA-1-DB 559·0 72.15 172.2 3.25 Net Section (26.5) 64·9 (45.2) 
SA-2-DB 504.1 67.42 172.2 2·93 Gusset Tore 1. 79 35.8 ( 58.6) (40.7) 
SA-1-PB 481.4 64.22 172.2 2.80 Split Gusset 1. 71 34.2 (55.9) ( 33.9) 
SA-2-PB 482.0 65.30 172.2 2.80 Spli t Gusset 1. 71 34.3 ( 56.0) (40.0) 
SB-1-DR 513.0 69.5b 172.4 2.98 Net Section 2.98 (36.6) 59·5 ( 35.6) 
SB-2-DR 527.0 69.1b 172.4 3.05 Net Section 3.05 (37.6) 61.2 ( 36.6) 
SB-1-PR 492.4 64.ob 172.4 2.85 Net Section 2.85 (35.2) 57.2 ( 34.1) 
SB-2-PR 498.2 64.7b 172.4 2.89 Net Section 2.89 ( 35.6) 57.8 (34.6) 
SD-1-DR 470.7 61·97 144.0 3.27 Net Section 3.27 (41.8) 62.9 (39·4) 
SD-2-DR 466.7 62.28 144.0 3.24 Net Section 3.24 (41. 5) 62.4 (33.9) 
SD-1-PR 451.8 59·57 144.0 3.14 Net Section 3.14 (40.1) 60.4 (37. 6) 
SD-2-PR 418.0 57.68 144.0 2·90 Net Section 2·90 (37.1) 55·9 ( 34.8) 
SE-1-DR 732 73·73 233.3 3.07 Rivet Shear 2.76 (52.0) (61. 3) 41.4 41.4 
SE-2-DR 772 81.87 233.3 3.24 Gusset Tore 2.74 54.8 (64.6.) (43.6) 
SE-1-PR 576 60.53 233.3 2.42 Gusset Tore 2.05 41.0 (48.2) ( 32.6) 
SE-2-PR 582 61.07 238.3 2.44 Gusset Tore 2.07 41.4 (48.7) (32.9) 
SE-1-DB 842 86.71 238.3 3·53 Net Section 3·53 (39.9) 70.5 (47.6) 
SE-2-DB 778 80.66 233.3 3.27 Gusset Tore 2.77 55.3 (65.1) 44.0 (44.0) 
BOX SECTIONS 
A-1-DB 1280 70·79 404.6 3.17 Spli t Gusset 1.80 35·9 (63.3) 39· 5 (41. 4) 
A-2-DB 1405 78.00 404.6 3.48 Bolts Sheared 3·93a (25.7) (69.5) 55.1 58.9 
AM-1-DB 1235 68.42 404.6 3.05 Bolts Sheared 3.59a (33.9) ( 61.1) 50·9 53.8 
AM-2-DB 1287 70.55 404.6 3.18 Bolts Sheared 3.73a (23.5) (63.6) 55.1 55·9 
I-SECTIONS 
C-1-DB 706 57.72 312.4 2.26 Net Section 2.26 (25.7) 45.4 ( 57.9) 
C-2-DB 722 59·11 312.4 2.31 Net Section 2.31 (26.7) 46.2 (59.2) 
CM-1-DB 870 67.49 312.4 2.79 Net Section 2.79 (27.5) 55.7 (60.4) 
CM-2-DB 866 68.71 312.4 2.77 Net Section 2.77 (27.3) 55.4 (51. 4) 
* Based on net section of gusset. ** Based on net section of member. *** Based on nominal diameter of fastener. 
a.. See Section 7 of text. b. See Section 14 of text. 
TABLE 8 
EFFECTIVE GUSSET AREAS 
(1) (2) ( 3) ( 4) ( 52 ( 6} {7} {8} (21 
Specimen Ult .. Coupon Net Area tan e* 
Load Strength sg, .. in .. Effective Net Width for Eq .. l 
AREA Equiv .. Test Ref. Ref. 
Test 42 43 
SA-I-PR 483,,8 64 .. 7 14 .. 07 7.;48 14 .. 96 19.58 6.92 .. 424 
SA-2-PR 47605 64.7 14 .. 07 7 .. 37 14074 19.58 6.92 .. 416 
SA-2-DB 504,,1 56 .. 8 14,,07 8088 17.76 19058 6 .. 92 .. 517 
SA-I-PB 48l.,4 6302 14 .. 07 7 .. 62 15 .. 24 19058 6.92 .433 
SA-2-PB 482 .. 0 63,,2 14 .. 07 7063 15026 19058 6 .. 92 .434 
SE-2-DR 772 64 .. 7 14007 11 .. 94 23088 29048 11 .. 24 .452 
SE-1-PR 576 59 .. 4 14,,07 9871 19042 29 .. 48 11 .. 24 .. 354 
SE-2-PR 582 5904 14.07 9,,81 19.62 29.48 11.24 .. 358 
SE-2-DB 778 6302 14.07 12 .. 34 24 .. 64 29.48 11.24 .. 470 
A-I-DB 1280 59.0 35063 21070 21070 24 .. 95 12·95 .. 469 
Drilled 
.477 Average 
Punched 0403 Average 
* See Section 12 of text .. 
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Four Angles 3 1/2 x 3 1/2 x 7/16 
3/4" Fasteners, 13/16" Holes 
(a) SpeCimen Type SA 
Specimen Hole Fastener Gusset Prep. Thick. 
SA-I-DR Drill Rivets 1/2 
SA-2-DR Drill Rivets 1/2 
SA-I-PR Pilllch Rivets 1/2 
SA-2-PR Punch Rivets 1/2 
SA-I-DB Drill Bolts 3/4 
SA-2-DB Drill Bolts 1/2 
SA-1-PB Punch Bolts 1/2 
SA-2-PB Punch Bolts 1/2 
SB-I-DR Drill Rivets 1/2 
SB-2-DR Drill Rivets 1/2 
SB-1-PR Punch Rivets 1/2 
SB-2-PR Punch Rivets 1/2 
Note: All outstanding legs were stitch-
riveted as shown. 
FIG. 1 DETAILS OF SPECIMEN TYPES SA AND SB 
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Four Angles 5 x :3 x 3/8 
7/8" Fasteners, 15/16" Holes 
(b) Specimen Type SB 
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Four Angles 5 x 3 x 3/8 
7/8" Fasteners, 15/1611 Holes 
(a) Specimen Type SD 
Specimen Hole Fastener Gusset Prep. Thick. 
SD-l.-DR Drill Rivets 3/4 
SD-2-DR Drill Rivets 3/4 
SD-I-PR Punch Rivets 3/4 
SD-2-PR Punch Rivets 3/4 
SE-I-DR Drill Rivets 1/2 
SE-2-DR Drill Rivets 1/2 
SE-I-PR Punch Rivets 1/2 
SE-2-PR Punch Rivets 1/2 
SE-I-DB Drill Bolts 3/4 SE-2-DB Drill Bolts 1/2 
Note: All outstanding legs were 
stitch-riveted as shown. 
FIG. 2 DETAILS OF SP~IMEN TYPES SD AND SE 
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(b) Specimen Type SE 
Batten Plates: 16n x 1/211 xlI 1/2" 
Angles: :; 1/2" x 3 1/2" x 7/16" 
3/4" Fasteners, 13/16" drilled holes 
Web Plates: 16" x 1/2" x 5 I -6" 
~,.- 4" (T'lpJ 
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(b) Joint Details for AM Specimens 
(AM-2-DB: 3/4" gussets) 
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(a) Specimen A-I-DB 
(Other specimens similar except 
for joint detail.) 
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(c) Joint Details for A-2-DB 
(3/4" gussets) 
DETAILS OF SPECIMEN TYPES A AND AM 
,3-4 
(Typ.) 
7 /8" fa~ 
,'- a" ,'-a" 
.... 
A- 325 be 
0 
I 
-
I r-r.r.: -., 
8 
3 1/2 x 3 1/2 x 7/16 Angles) to.. a"~~ a" 
used on C-2-DB only. 
teners, 15/16" drilled holes; stitch- =w :: 
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I (a) Joint Details for C-I-DB and C-2-DB 
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(Specimen 1, Ref. 27, identical to above; 
other specimens on this page were similar 
except for joint detail.) 
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(c) Joint Detail for eM-l-DB 
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FI G. 4 DETAILS OF SPECIMEN T)rPES C AND· eM 
~ 
(a) TypicaJ. Single··Plane 
Specimen 
(Scale: 3/4";::. 1 'r _0'1) 
Dial 
Mark 
A 
B 
C 
D 
Measurement of 
Deformations or 
Movements Between 
Angles and gusset at 
end of joint 
Angle and gusset at 
first row 
Two gussets at first 
rows 
Two gussets beyond 
ends of members 
N06 of Dials 
Used on Spec. 
Single Double 
Plane Pl,'IDe 
4 4 
4 8 
2 4 
2 2 
l2 W-
Note: Only dials which would be normally 
visible have been shown on these 
diagrams. 
FIG. 5 DETAILS OF MECliANICAL INSTRUMENTATION 
(b) Typical Double-Plane 
Specimen 
(Scale: 1/2";::. 11 -0") 
(a) Typical Shear Failure 
of SA Specimens 
(b) Locations of Strain 
Gages on 3A-2-DR 
(c) Enlargement of Area at End Holes 
FIG. 6 SHEAR FAILURES AND I~JSTR(JME~'JTATION, SA SPECP1ENS 
~ .. 
Sp~ittirig Fracture 
FIG. 7 DETAILS OF SPLIT GUSSETS, SA SPECIMENS 
(a) Gusset Failure 
SA ·2-m 
.504JJ( 
(b) Close-up of Torn Gusset 
(c) Net Section Failure 
FIG. 8 GUSSET AND NET SECTION FAILURES, SA SPECIMENS 
(a) Angle Failure, SB Specimen (b) Angle Faiiure, SE Specimen 
(c) Angle F~ilure, SD Specimen (d) Detail of SD Fracture Path 
FIG. 9 EXk\fPLES OF NET SECTION FAILURES FOR STARRED AI\fGLE rvfsrvrnER3 
(a) Shear Failure, SE-I-DR (b) Typical Gusset Failure 
(c) Deformations at End of Specimens 
FIG. 10 DETAILS OF FAILURES, SE SPECIMENS 
(a) Top West Connection (b) Top East Connection 
(c) Bottom West Connection (d) Bottom East Connection 
FIG. 11 GUSSET PLATES OF MEMBER A -1- DB AFTER FAILURE 
(a) Sheared Fasteners, A-I-DB (b) Split Gusset, A-I-DB 
(c) Modified Pattern, A-2-DB (d) Modified Pattern, AM-l-DB 
FIG. 12 DETAILS OF FAILURES FOR A AND AM SPECIMENS 
(a) SW Angle Failure, C-l-DB (b) NW Angle Failure, C-l-DB 
(c) Buckled Web, at Failure 
FIG. 13 TYPICAL DETAILS FOR FAILURES OF BUILT-UP I-SECTIONS 
(a) Buckled Web, C-2-DB (b) Distortion in Angles 
(c) Buckle and Fracture of Angle (d) Clo3e-up of Buckled Angle 
FIG. 14 DETAILS OF FAILUREJ FOR BUILT-UP I-SECTIONS 
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(b) Specimen A-2-DB 
FIG. 15 LOAD DISTRIBUTION TO PULL-PLATES 
FOR TYPE A SPEC I:>1ENS 
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(b) Specimen AM-2-DB 
FIG. 16 LOAD DISTRIBUTION TO PULL-PLATES 
FOR TYPE AM SPECIMENS 
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(b) Specimen C-2-DB 
FIG. 17 LOAD DISTRIBUTION TO PULL-PLATES 
FOR TYPE C SPEC llv1ENS 
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(b) Specimen CM-2-DB 
FIG. 18 LOAD DISTRIBUTION TO PULL-PLATES 
FOR TYPE CM SPECIMENS 
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FIG. 45 WEB EFFICIENCY VS. JOINT GEOMETRY (BUILT-UP I-SECTIONS) 
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..-JL Same Side T 1 
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with Lugs 6 ir 
Angles, Four --lL 
Back-to-Back x 
* 
6 4 -" 
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8 r-=i Box Section -0- L -l 
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